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Poe Boh AGE 


In the course of certain studies in ornithology, more 
particularly avian physiology, undertaken by the author 
several years ago, it early became apparent that the factors 
fixing or determining the length of the incubation period 
with different birds was largely, if not wholly, unknown. 


The following pages give the results of a prolonged and 
detailed study of this phase of bird physiology. 


The author regards all zoologic classification as a means, 
not an end, the classification adopted in this work is merely 
a means of facilitating the handling of a mass of data full 
of contradictions and uncertainties, and the selection of this 
particular bird classification was governed by a question of 
expediency only; obviously the author in no way wishes to 
be understood as believing this classification to be the best, 
or the only one. The author believes, however, that this 
classification zs an up-to-date reflection of our present 
knowledge of the relation of various birds to each other. 


It is inevitable that mistakes of various sorts will be 
found in this book; in extenuation of such errors the author 
trusts that his critics will recall that the labor involved in 
the investigations reviewed in the following pages was one 
of love, and carried on in the spare moments of a fairly busy 
professional life. 


A brief resumé of pages 43 to 76 of this book was read 
before the Annual Meeting of the American Ornithologists’ 
Union at Philadelphia, November 15, 1916. 


It is a keen pleasure here to acknowledge, with many 
thanks, my obligations to the following friends, who have 
generously placed at my disposal incubation data, and cog- 
nate information, all of which has been invaluable in the 
preparation and prosecution of this study: C. W. Beebe, 
B. Rhett Chamberlain, L. J. Cole, E. W. Collins, L. S. Cran- 
dall, Louis Fuertes, J. D. Figgins, W. F. Kendrick, F. H. 
Knowlton, D. E. Lantz, F. C. Lincoln, W. DeW. Miller, R. C. 
Murphy, J. T. Nichols, R. J. Niedrach, Clyde Phillips, 
W.S. Pickrell, Robert Ridgway, A. A. Saunders, Suther- 
land Simpson, Witmer Stone, F. M. Watson, C. A. Watts 
and A. P. Wilbur. 


Tue AUTHOR. 


Denver, Colo., 
June 15, 1917. 
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a oLUDyY OF THE INCUBATION 
PERIODS OF BIRDS 


What controls the length of incubation with birds? It 
is the purpose of this study to find, if possible, a correct 
answer to this question. 


Introduction 


The processes going on within an egg during incubation 
are of fundamental and paramount importance to the species 
and race, in no way less than the process of fertilization; 
fertilization and incubation are co-equal and interdependent, 
and through them the time space between generations is 
bridged and the race perpetuated. Fertilization is governed 
by definite limitations and conditions. Does it seem reason- 
able to believe that the length of the equally important 
period of time necessary to complete the marvelous steps of 
development following fertilization is a matter of chance, 
a “hit or miss” duration ? 

It is inconceivable that such can be true; one arises from 
a study of the embryology of the “chick” in amazement that 
the wonderful and complex changes in an egg from a single 
cell to a peeping chicken can be brought about in a brief 
three weeks. Such perfection of detail, with all its potential 
specific and racial conditions unfolded, must surely require 
a fixed and definite period of time for its completion. Does 
it not seem more reasonable that this period of time must 
be relatively fixed for each species, and be controlled by 
factors or conditions which collectively might be called a 
law? 

I believe that a knowledge of such factors, or such a 
law, is not merely academic, but, on the contrary, is of de- 
cided importance, and constitutes a block to be fitted in the 
mosaic being slowly put together by ornithologists, each in 
his day. Moreover, the writer has discovered, through his 
study of the question, that it is fraught with fascinating 
interest, and, too, opens up unexpected and wide fields for 
original research. 

The Problem 

The problem in hand is to answer the question, Why 
does a house finch’s egg take fourteen days to hatch, an 
ostrich’s forty-two days, an emu’s fifty-six days, or a hum- 
mingbird’s fourteen days? It is the work of this study to 
analyze the published data concerning incubation periods, 
and to examine the explanations heretofore given, as to 
what governs the length of incubation, and to determine if 
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there be a law which controls the length of incubation, or 
at least to detect indications of such a law, or to point out 
lines of investigation which give promise of being helpful 
in reaching a final solution of the problem. 


Definitions 


In this discussion the term incubation is held to mean 
the period of time during which heat is applied more or 
less continuously to a set of eggs, a period varying within 
a wide range according to the species; by “incubation 
period” is meant the whole time so involved, regardless of 
its duration; and by “length of incubation” is meant the 
number of days or weeks necessary to completely hatch the 
young. 

The records of incubation as given in the literature on 
the subject embrace two varieties of lengths: (A)—the true 
length (or specific length), and (B)—the false length (or 
apparent length) ; the first, or true length, being the mznt- 
mum number of days, under optimum conditions, necessary 
to hatch a normal bird, while the second is the ¢rwe length, 
plus or minus the time added to, or subtracted from, it by 
errors in observation, or through errors caused by the dif- 
ferent types of hatching, types to be defined later on, or 
plus the time added to it by such conditions as retard or 
temporarily suspend embryonic development. With birds 
which lay a considerable number of eggs in each set, and 
only begin to incubate when the set is completed, it is not 
difficult to fix the beginning of the incubation period, as 
with eiders (137); when, however, several eggs are laid in 
a set, and the female warms the first eggs more or less while 
the other eggs of the set are being laid, it is impossible to 
say exactly when the period of incubation begins, and the 
incubation duration has to be determined for each egg by 
marking it when laid. 

It is almost impossible at times to decide when the 
parent actually begins steadily to apply the heat necessary 
to successful hatching. It is also extremely difficult to esti- 
mate how much heating the first eggs receive while a whole 
set is being laid, a fact necessitating one’s defining the dif- 
ferent types of hatching, so as to keep in mind the effects 
of a parent’s partially heating the first laid eggs. It has 
been shown (92) that the domesticated pigeon’s average in- 
cubation period is seventeen days, the eggs (two in a set) 
being laid on alternate days; the second egg usually hatches 
in (almost) exactly seventeen days, while the first takes 
eighteen and one-half days, measured from the day it is 
laid. If it be assumed that the real incubation begins with 
the laying of the second egg, it becomes manifest that the 
first egg receives the equivalent of one-half a day incuba- 


8 


tion while the set of eggs is being laid. That this is true 
cannot be questioned, since it has been found (92) by _ 
“candling” pigeons’ eggs that the first egg shows indubitable 
evidences of beginning embryonic development by the time 
the second egg is Rae Tt is also wise here to recall that all 
eggs respond developmentally to lower degrees of tempera- 
ture in the early parts of incubation than they do in the 
later or last portions. 

Hence, from the foregoing, it is evident that the diffi- 
culty of fixing the real beginning of incubation must con- 
tribute not a little to conflicts in the data on incubation 
length, and has led to honest differences in the records made 
on a given species by different observers. The correct and 
exact method of measuring the length of incubation is to 

mark each egg as laid and watch it daily until hatched. 
This is often impossible because of psychic reasons, since a 
bird may abandon a nest if too closely watched, or because 
of physical reasons, as with birds nesting in holes. Some 
errors have also been caused by lack of agreement as to 
when the incubation terminates; thus some reports seem to 
indicate that the observers date the end of incubation when 
the egg is merely “pipped,” while others fix the end when 
the “chick” is completely hatched. 

In cases where several eggs make a set for a single 
hatching, all the eggs may hatch at the same (relatively) 
time, in which event I propose to name it a “simultaneous 
hatching,” as is seen with the domestic hen, and when the 
eggs hatch one after another at intervals of a day or two, 
a “successive hatching.” The effects of these two types of 
hatching on the estimation of incubation length will be 
considered later on. 


Conditions Necessary for Successful Incubation 


The growth of a new bird individual really begins 
directly after fertilization, which may occur a considerable 
time before the egg is completed and extruded ; consequently, 
the incubation period embraces only part of a bird’s em- 
bryonic development, which part is, however, by far the 
largest portion of the process of development. 

Successful incubation depends on “keeping a fertile 
egg * * * fora sufficient period of time under certain con- 
ditions of heat, moisture and position” (33)*. 

This combination of heat, moisture and position is 
achieved through the brooding of the parent (real or foster), 
or by a mass of decaying vegetable matter, or by hot springs, 
or through the care of the parents plus the sun’s heat. It 
mav begin at once, after the first egg is laid, or after part 


*Numbers in parentheses correspond to the number of the authority 
quoted, and as listed in the bibliography. See Table No. 2. 
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of a full set of eggs is laid, or only after all of a full set 
is laid. 

I believe that the evidence permits one to hold that the 
true length of incubation varies little, if at all, with the 
species, ‘however widely separated eveographically, a view 
substantiated by the Old and New World cuckoos, and the 
small finches of the Northern Hemisphere and Australia. 
However, the work of Cole and Kirkpatrick (92) seems to 
show that at least with pigeons there may be a distinct, 
though small, true variability in the length of incubation of 
these birds. Whether this be a true variability, or one due 
to retardation of development, is unknown to me; an answer 
to this point must probably be reserved until further hight 
is shed by future studies on the true lengths of incubation 
in other species, and the possibility of such lengths being 
really variable. The length of the incubation period must 
be measured from the time the parent (or its substitute) 
begins the steady application of heat to the eggs until the 
young bird is fully released from its shell. 


The Data 


This study is based largely on the list of incubation 
period lengths incorporated in this book. See Table No. 1, 
which is made chiefly from lists published previously by 
Evans (1 and 2) and by Burns (8), together with records 
published singly by many others, plus those determined 
and given to the writer by obliging friends. 

The incubation length data include records from 625 
species and sub-species, scattered amongst 84 families, and 
representing every order of existing bird. The writer has 
tried to give each record in the words of the original con- 
tributor or compiler*, and a list of all reference is given in 
the bibliography. 

It is necessary here to note that some, perhaps many, 
of these records may be duplicates, an unfortunate state of 
affairs, but unavoidable, because some of the previous papers 
on the subject of this study have had no bibliographies. It 
were better, I believe, to include some duplicates than to 
exclude some original, unduplicated records, in an effort to 
sort out and eliminate reduplications. The present list pre- 
sented now by the writer probably contains records of in- 
cubation periods of more different birds than have been 
gathered together in any single previous publication, a com- 
parative wealth of material giving the writer an excuse for 


*Inasmuch as a great deal of the literature used in this study was 
wholly inaccessible to the writer and had to be copied for him, he fears 
that some errors incidental to such transcribing will have crept in, for 
which he expresses his regret, however unavoidable on his part these 
errors may have been. 
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trying to solve the riddle of the cause beneath the varying 
lengths of incubation amongst birds. 

Any attempt to draw conclusions from lists of incuba- 
tion periods heretofore published seems, on preliminary 
examination, to be hopeless; the evidence in places is highly 
conflicting and inconsistent, so much so that one is at once 
tempted to believe the length of the incubation period is a 
matter of more or less chance, and controlled by no particu- 
lar condition or set of conditions. Fortunately, however, 
years of observations on domesticated birds and a vast 
experience in the use of artificial incubators show that this 
conception cannot be true, and also show that there is an 
actual, or a relative, fixity of the length of incubation with 
such species as have been so domesticated. Furthermore, 
the evidence seems to show that there is no inherent or 
known reason why a similar specific fixity should not apply 
to all avian species. 

It is regretted that the writer did not have personal 
access to a larger mass of literature, for such would probably 
have yielded many more records of incubation, additions 
which would have greatly enhanced the value of these pres- 
ent data, and would also have saved future students of the 
same problem much drudgery in a search for such data. Of 
the nineteen thousand or more (138) species and subspecies 
of birds now known to ornithologists, the six hundred and 
twenty-five species and subspecies given in this study form 
but a small per cent., which may in fact be too small on 
which to safely base final conclusions. A future larger and 
more comprehensive study of the question will alone decide 
this. 

The conclusions in this study are based on the assump- 
tion that artificial incubator records, and such other records 
as show a substantial concordance, are correct, and hence 
justifiably available as fundamental data. 

Conflicts in the Data 

It seems appropriate here to consider the fact that there 
are many conflicts in the published records of incubation 
lengths, and when I have been unable to examine the orig- 
inal record, it has been accepted as quoted. When a record 
has been secured by me from an original source, it has been 
copied verbatim, excepting in a few instances where it was 
perfectly obvious from the context that the period had been 
incorrectly estimated because of errors induced by “‘succes- 
sive hatching,” and in such a case the writer has tried, care- 
fully and impartially, to make corrections for such errors, 
and has listed the record as so corrected. 

The conflicts/in the records given for a single species 
are often numerous, and are accountable, many times, by 
errors brought about by the difficulty of measuring the in- 
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cubation length because of “successive hatching.” With sets 
of eggs with which the successive hatching type prevails, 
it is impossible to determine how long it takes to hatch each 
egg in such a set unless the eggs be marked. Let us see 
what can (and evidently does) happen in determining the 
length of incubation with the robin, a species which lays 
one egg each succeeding day until four or six are in the nest. 
Occasionally the parents do not incubate steadily until all 
their eggs are laid, in which case it is found that all the 
eggs take almost exactly fourteen days to hatch, counting 
from the laying of the last egg. If, however, the period 
be dated as beginning with the laying of the first egg, it 
would have to be estimated as being eighteen days, a pal- 
pable error of four days. It is more common for this species 
to have a set of eggs hatch irregularly; it may be one on 
the first day, two on the second day, and one on the third 
day (of the hatching period), in which case no accurate 
knowledge of the length of incubation could be gathered 
without having marked the egos for identification and in- 
dividual study. Under these circumstances the first laid 
eges are partially incubated by the time the last ones are 
deposited, causing the irregular hatching; and if the period 
were counted as extending from the laying of the last egg 
to the hour of the first hatching, the time elapsing would 
probably be ten or eleven days, an estimate three or four 
days too brief. I am convinced that many surprisingly 
short incubation periods (as recorded in literature) are 
much too brief, due to errors induced in the manner just 
outlined. I am confident that the length of incubation of 
the house finch is almost exactly fourteen days, but it could 
be variously estimated as ten or eighteen days with different 
sets of eggs if care were not taken to mark and carefully 
identify the eggs as they are laid and hatched. Under such 
conditions the larger the set of eggs, the longer or shorter 
in days of error may be the estimate of the length of incu- 
bation, errors (plus or minus) corresponding in days to the 
number of eggs in the set, or to the number of days between 
the laying of the eggs. The effect of partial incubation 
when a set of eggs is being deposited results in mixed types 
of hatching, an added source of conflict in the incubation 
length data. 


On the other hand, it appears that some sets, embracing 
several eggs, as with the flicker (69-70), may have all the 
egos hatch at once (relatively), even though the early eggs 
are apparently subjected to partial incubation. This may 
be due to the possibility that the fresher eggs (later ones 
laid) develop comparatively more swiftly (at the normal 
rate) than do the older eggs (those laid first), resulting in 
all breaking out at nearly the same time. The possibilities 
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of observation error are much smaller with eggs hatching 
simultaneously. The eider (137) lays six to ten eggs before 
starting its incubating, and all hatch on the same day; yet, 
if it were not known that the steady application of heat to 
the eggs does not begin with this duck until all the eggs 
are laid, six to ten days could be erroneously added to the 
period of incubation. 

Another fruitful source of error in computing the days 
of incubation is brought about by influences which retard 
or temporarily suspend the embryonic development, 7. e., 
cooling or neglecting the eggs after they have been incubated 
for a while, a combination often adding several days to the 
true length of incubation, exemplified by the records of the 
ostrich and the albatross. It is also to be noted that many 
observers seem to date the end of incubation when the eggs 
are “pipped,” while others report it as ended when the bird 
is fully hatched. Many periods are given approximately 
only, indicating, perhaps, that the observer was unable to 
keep daily watch of the nest, or did not deem it necessary 
or important to determine the length of the period with 
exactitude, this latter possibility being the source of much 
ee in the records, and giving birth to such statements 

“about seventeen days” or “twenty to twenty-eight days” 
or “after a few weeks the young are hatched” (64). 

The evidence, it seems to me, points very strongly to the 
existence of a true (or specific) incubation period, which 
under optimum conditions varies little with each species or 
subspecies; hence, if there be marked discrepancies or dif- 
ferences in the records of such species and subspecies, it 
seems reasonable to believe that the records (at least in 
part) in such cases are inaccurate. The records of hum- 
mingbirds and wrens are good examples of conflicts, prob- 
ably to be explained on the score of inaccur acy, or error in 
estimating the start of incubation, for it seems highly im- 
probable that there is a difference of four days in the period 
of the Ruby-throated Hummingbird and the Black-throated 
Hummingbird, even though they are specifically distinct, 
while it is more improbable that there is a difference of two 
days in the incubation of the Carolina and the Florida 
Wrens, which are but geographical races of the same species, 
and these remarks apply equally well to the case of the 
Loggerhead and Migrant Shrikes, and the Western and 
Eastern Meadowlarks. The Cedar Bird is a good example 
of how wide a difference can be found in the incubation 
records of a given species; the internal evidence in this 
instance convinces me that sixteen days is probably correct. 

There are clear indications that other errors or conflicts 
have crept in because of typographical (or clerical) mis- 
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takes, as, for example, when it is recorded by one writer that 
the Hummingbird’s incubation period is “eighty days.” 

There is a singular disagreement in the recorded lengths 
of incubation of species which might be called semi-domesti- 
cated, as the white stork, a lack of agreement inexplicable 
to the writer, unless it be due to faulty observation. 

It is necessary, when analyzing these data, to remember 
that an agreement in the records: quoted by ‘two or more 
different authorities does not thereby mean that the records 
are conclusively correct because of such agreement, for one 
writer may have (and evidently has) copied from another 
without indicating or crediting such fact. 

Conflicts and lack of consonance in the records of. the 
length of incubation, and inconsistencies of testimony on 
the same, are not surprising; the writer’s slight personal 
experience in trying to determine accurately the incubation 
period of a few species has shown him the many difficulties 
to be encountered and overcome in such a line of work. 
Many birds abandon a nest (and its eggs) if it be too closely 
watched, or if the nest be disturbed in the least; and to 
overcome this difficulty calls for limitless care and patience 
while observing the nest. It is a time-robbing task to visit 
a nest daily, it may be hourly, to ascertain when the eggs 
are laid, to mark them as laid, and to watch when they 
hatch, all of which must be done with some species if one 
is to succeed in making an accurate determination. Newton 
(25) long ago deplored the scantiness and inaccuracy of the 
then existing data on incubation, because (he said) correct 
data were greatly needed to check up and compare the em- 
bryology of different bird species at relatively the same 
stages, as an aid to put taxonomy on a sound basis. It is 
obvious that every ornithologist will concur in this, and the 
writer hopes to show later on that a more extensive and 
accurate knowledge of the true length of incubation of dif- 
ferent species may help the taxonomer otherwise than 
through embryology. In justice to the multitude of bird 
students who have contributed indirectly and directly to the 
present list of incubation periods, one must recall that here- 
tofore there has been no apparent indication of a need for 
exactitude in measuring the length of this period. Notwith- 
standing the unavoidable errors and discrepancies probably 
embodied in this list, it is a splendid commentary on the 
enthusiasm, care, patience and self-denial of ornithologists 
the world over that so many records have been made, many 
of which are patently of great accuracy. 

From this brief survey of the conflicts in the data, it 
is evident that this list of incubation periods is made up 
of both true and apparent lengths of incubation, the latter 
probably being in the majority, and that it needs more 
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time and extended observations, with the idea of learning 
the true period of incubation, to successfully sift apart these 
two kinds of records. 


Influence Altering the Incubation Length 


In this study it is assumed that the true length of incu- 
bation is a blastogenic characteristic, fixed for, and as such 
inherited by, each species; that it is comparatively inelastic, 
and yields exceedingly slowly to change; that with each 
species it embraces, under optimum conditions of “tempera- 
ture, moisture and position,” a fixed minimum number of 
days, just sufficient (and no more) to bring about the com- 
plete development and hatching of a normal bird. A strik- 
ing proof of its inelasticity and prepotent inheritability is 
seen with domesticated birds, more particularly pigeons and 
chickens; for were this period plastic, under man’s selection, 
as are the tissues, functions and habits of these birds, one 
would expect to find such plasticity showing itself in a 
patent variation of the incubation period of such domesti- 
cated birds. Man can, and has been able to cause, or fia, 
most extraordinary changes in his domesticated birds; with 
pigeons, not only an increase in the number of tail feathers, 
but even a lessening of the number of ribs (138), and with 
chickens, not only the almost unbelievable alteration in 
sizes from that of a bantam to a huge Cochin-China, but 
also an increase in the number of toes (the five-toed Dork- 
ings). Man has domesticated many other birds, and if with 
them the period of incubation were not fixed, it seems rea- 
sonable to believe that it should have exhibited variations 
comparable to those variations of body, etc., mentioned 
above, in pigeons and chickens. Yet, if I read aright, there 
is not the slightest indication of any alteration in the incu- 
bation period of any of man’s domesticated birds; on the 
contrary, all seem to adhere rightly to the ancestral char- 
acteristic as shown in congeners still wild, or in wild species 
most closely related. It has been definitely determined 
from the experience of hundreds of poultry raisers, in 
natural and artificial incubation, that the incubation period 
of the domestic hen is almost exactly and almost invariably 
twenty-one days: it matters not what breed, bantam or 
brahma, nor however remote from, or near to, the ancestral 
jungle fowl, the period of incubation remains the same as 
that of the jungle fowl, viz., twenty-one days. The same 
may be said, in effect, of the turkey, quail, pheasant, canary, 
pigeon, duck, goose and, so far as the writer can learn, all 
other domesticated birds. 

Furthermore, birds belonging to families having a 
fairly similar incubation period, /. e., finches, all exhibit this 
uniformity, even though separated by large geographic 
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spaces, and even possibly by geologic time-spaces; thus, the 
swallow and the finches of Australia still cleave to the an- 
cestral period of their cousins of the North, and the English 
and New Zealand gannets have identical incubation periods. 

Certainly the Snerbeiaion length seems far more change- 
less, persistent and deep-rooted in nature than are other 
characteristics of birds, as, for example, the proventriculus 
mucosa of a gull (25). Furthermore, as has been suggested. 
it is not subject . selection by man, as are other character- 
istics, for while he has, in effect, changed a jungle fowl into a 
five-toed dorking, and a rock-pigeon into a fan-tail, still 
both of these species have retained their original lengths of 
incubation. 

If the structure of the egg shell persistently tend to be 
characteristic, and remain the same with groups of birds, or 
with the species (110), why should not the far more im- 
portant process of embryonic development, and its length, 
do likewise? While the immediately foregoing would seem 
to show the length of the period of incubation as a fixed 
characteristic, yet a superficial examination of a list of such 
periods leads one to believe that there is, in fact, considerable 
variability in the length of incubation of a given species, 
and unless one can learn if this be true or false, it were 
absolutely useless to attempt to draw conclusions from the 
facts published on incubation lengths, because, viewing these 
facts as evidence, they are in many parts hopelessly con- 
flicting. I am convinced that most’ of such conflicts are to 
be explained by a careful study of the peu apparently 
affecting the true length of incubation, ¢. ¢., influences caus- 
ing apparent variability in the true cesireth of incubation. 

Variability in the length of incubation may be 7rue, 
that is, permanently lengthening, or actually shortening, the 
minimum number of days for successful hatching under 
optimum conditions, and apparent, shortening or lengthen- 
ing by slowing of the embryonic development by errors of 
faulty time measurements. 

True variability—The writer questions very much 
whether there be any decided trwe variability, 7. e., a vari- 
ability occurring when all necessary conditions are optimum. 
There is a small amount of experimental evidence at hand 
which shows conclusively that with the domestic hen it is 
possible, by suitable regulation of temperature conditions 
in an artificial incubator (33), to shorten the length of in- 
cubation a few hours only. This is well known to poultry 
raisers, who know also that the dividing lne between suc- 
cessfully shortening the period and killing the embryo is 
exceedingly dificult. to maintain, even impossible at times. 
All secondary influences which tend to induce this subtle 
influence of temperature increase, especially towards the 
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end of incubation, may be considered as coming under this 
caption. Such conditions as are quoted in nearly every 
poultry raiser’s manual can be mentioned here; an attentive, 
faithful setting hen may bring out a hatching of chicks in 
twenty days (83), and favorable weather and a suitable nest 
site (104) also tend to maintain optimum ‘temperature con- 
ditions, with possibly a true, but very slight, shortening of 
the incubation period. 

This true variability towards the side of shortening the 
period of incubation is probably in progress now, the world 
over, with many different species, especially the higher 
birds, and it will be taken up in greater detail later on. 

Apparent variability—By apparent variability I would 
have understood all lengthening of the specific incubation 
period which is merely an addition to it of days of pro- 
longed and retarded embryonic development caused by the 
various factors mentioned in this discussion, or seeming 
shortening or lengthening due to error of determination. 

Apparent or false variability is, in the greatest number 
of cases, merely the result of cooling the egg during incu- 
bation, which slows down the developmental pace, or it may 
actually suspend it for a while; in fact, the developmental 
process “can be suspended and held in check for several days 
without destruction of the germ” (33). There can be no 
question as to the effect of cooling the eggs while they are 
being incubated, because it has been proven many times 
(by accident or design) with the domestic hen (383) that its 
period of incubation can, by such cooling, be extended to 
twenty-three or even twenty-four days. It is probable that 
eggs of the lower birds can be chilled a much longer period 
than can those of the higher species, without killing the 
embryo, a fact which probably helps to explain the seem- 
ingly great variability shown in the incubation records of, 
for example, the emu. 

There are many ways by which this cooling action 
occurs: a restless, inattentive hen, a cold site for a nest, con- 
ditions preventing the eggs from receiving the necessary 
heat properly, as too thick shells, or which permit too rapid 
radiation, as too thin shells, or a poorly constructed nest; 
eggs which are too small radiate their heat too quickly, on 
exposure, since they are relatively of larger surface area 
than are larger eggs; parents in ill health or badly nour- 
ished will not produce optimum temperature conditions. 

It appears to me that all of the conditions which are 
outlined in this study, which apparently modify the true 
or specific length of incubation, should be taken into account 
in the future in all field, incubator and zoologic park work, 
in order that their effects may be eliminated in an endeavor 
to determine with the greatest possible accuracy the true 
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incubation period of our living bird species, especially since 
the opportunities for such study will grow, as time passes, 
fewer and fewer before the devastating onrush of civil- 
ization. 

Some of these conditions as outlined above may never 
occur in nature, yet it is wise to bear them 1 in mind, and to 
eliminate their effects when engaged in studying the incu- 
bation of any bird. 

It seems clear that a definite and correct explanation 
of the factor or condition which determine the true length 
of incubation would long gince have been reached, had the 
data been more abundant and more amenable to study and 
analysis. 

Because of the several distorting influences outlined 
above, there have arisen a number of explanations as to 
what determines or fixes the length of the incubation period, 
explanations which are now in order for detailed considera- 
tion. 


Size of Bird 


Before reviewing the information bearing on this ex- 
planation of the controlling factor of incubation duration, 
it becomes necessary to define “size of bird.” An examina- 
tion of the different uses of this expression by various 
authors sheds no light on exactly what it means with them, 
and also gives no indication that all such writers mean by 
it the same thing. One finds the following expressions in 
current use: “(length of incubation ) aaa “general way 1s 
proportionate to the bird’s size” (15) ; “(length of incuba- 
tion) varies with the size and vitality of the bird” (12) ; : 

“duration of incubation in general depends on height* of 
bird” (38); “according to the size of the bird the incuba- 
tion period varies, short or long, with hummingbirds ten 
days, with ostrich fifty days’ > (9). “Size of bird” may mean 
its dimensions, or its bulk, or, by implication, its weight. 
It does not seem possible that past writers on this subject 
could have meant size as indicated by the usual linear meas- 
urements given in describing a bird, for these would lead 
into a maze of characters, ¢. e., length of neck, total length, 
length of bill, tail, legs or body, or the standing height, 
which are extremely plastic and subject to such wide varia- 
tion as to make it inconceivable that such shifting characters 
could directly influence so deep-rooted and inelastic a char- 
acter as the duration of incubation; in other words, that 
these variable characters could be paralleled by variations 
in the almost changeless ¢rue length of incubation. 

As for bulk in a bird, one must first recall that it and 
the usual measurements do not necessarily go hand in hand. 


*Meaning its stature. 


A good example that measurements are not of necessity in- 
dices of bulk is given by a comparison between the black 
vulture and the turkey buzzard, for the latter’s measure- 
ments are greater than the former’s, yet its bulk is less (100). 


This point is mentioned as illustrating again how con- 
fusing would be bulk or measurements if considered as in- 
timately related to, or strongly influencing, the length of 
incubation. 


It seems to the writer that bodily bulk must have been 
meant when the expression “size of bird” was used; bodily 
bulk and weight are closely related, but both vary more or 
less according to the bird’s age, the sex, the season of the 
year and the abundance of food, etc., ete. 


The sequence of the steps or duvelopiaeat in bird em- 
bryos being practically the same in all birds, it would seem 
reasonable to believe that the larger the bulk to be grown, 
the longer it should take to complete its evolution. How- 
ever, it is not alone the differing bulk to be produced which 
may help to bring about varying incubation periods, but 
also the fact that many: of these steps of development in 
different species are greatly abbreviated or jumped almost 
completely; hence, one can say that it is the speed and 
duration of the different steps in embryonic development 
which produces differences in the lengths of incubation. 


It is quite patent that, in a general way, there is a rela- 
tion between the size (or bulk) ‘of a bird and the duration 
of its incubation period, yet there are so many striking ex- 
ceptions that one, at best, must hold it to be only a Toose 
and rather indefinite correlation, and probably not a rela- 
tion of cause and effect, but rather an example of two effects 
influenced by a single underlying cause, a suggestion to be 
more fully élaborated later on. 


Using the words “size of bird” in the rather indefinite 
way found in most writings, one finds some interesting con- 
ditions in its relation to the length of incubation, having 
in mind the prevailing notion that the larger is the bird, 
the longer is its period of incubation. 

Notice the difference in the sizes (or bulks) of the fol- 
lowing pairs of species, each pair being recorded as having 
similar incubation periods: great-tailed grackle and tree 
creeper, chipping sparrow and evening grosbeak, golden 

eagle and puffin, ostrich and kiwi. If bulk or size alone 
counted with these species as the controlling factor deter- 
mining the length of incubation, there should be noticeable 
differences in the incubation periods of these birds, rather 
than a definite similarity, as is the case. On the other hand, 
it is not uncommon to find a decidedly smaller bird having 
a longer incubation than is found with a decidedly larger 
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bird, as, for example, is found with the lapwing and the 
domestic hen, or the killdeer and the hen. 

If size or bulk controlled the length of incubation, the 
hen should have a much longer period of incubation than 
that of the lapwing or killdeer, which, however, is not the 
case. The domestic hen is much larger than any of the fol- 
lowing species, lorikeet, pied-billed grebe and common tern 
yet all have almost identical incubation periods. 

Many birds are quite alike in size, yet exhibit marked 
differences in their respective incubation lengths, 7. e., 
meadowlark and upland plover, kiwi and domestic hen. The 
swift and the raven are recorded as having practically the 
same incubation period, yet how great is ‘the disparity of 
their sizes! This loose relation of size of bird and length 
of incubation is more noticeable within the confines of 
natural groups (families), the Buteonidae for example, a 
fact which was pointed out by H. Milne-Edwards (38) as 
long ago as 1863, and recently Cole and Kirkpatrick (92) 
intimated their belief in such a relation in the pigeon family. 

Whiie it is true that this connection between bulk and 
incubation length is strikingly evident in some families, the 
contrary obtains in many others, so that one can hardly con- 
sider it a law. The lapwing is smaller than the wood- cock, 
but has a longer incubation period, and with the Laridae it 1s 
found that the sooty tern and the herring gull have similar 
incubation periods, yet are markedly different in size. 

The body of at least one species of the Megapodidae is 
about the size of a domestic hen, yet this species’ incubation 
period is twice as long as that of the hen. What shall one 
say of the several races of song sparrows, with their marked 
variations in size, and the incubation period of this species 
(including the subspecies)? It is highly improbable that 
the differences in these sizes are paralleled by differences in 
the incubation lengths. 

It is impossible to explain or understand the situation 
which arises in considering the record of the lammergeier, 
the incubation period of which is given as twenty days: this 
species is larger than the golden eagle (159), and its short 
incubation period (as recorded) is ‘inexplicable under any 
given theory (past or present), and the writer believes the 
record is incorrect. 

It would seem from the above examples that there is 
too much Jack of concordance between the bird’s bulk and 
its incubation period to admit a controlling relation of the 
first over the second, even admitting that “there is a loose 
relation between the ‘two. 

Tf now one assumes that by size of bird is meant we7ght, 
one has a more stable standard to go by, especially if one 
assume certain criteria as necessary in taking the weight. 
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First, shall it be the male’s or the female’s weight? This 
is decidedly important, for there is a great difference in the 
weights of the two sexes with many birds—it may be 20% 
in the ostrich, and the male prairie falcon’s weight is but 
33 1-3% as much as its mate; and the female European 
sparrow hawk (Accipiter nisus) is said to weigh, at times, 
twice as much as its mate (181). Secondly, it is necessary 
to take a season which may possibly have the greatest in- 
fluence, if any, over the length of incubation, 7. e., the breed- 
ing season, for it will probably be found that a bird’s weight 
follows most closely a normal at this time of the bird’s 
physiological year, and hence be less fluctuating and more 
influential. 

If now one tries to study a comparison between birds’ 
weights and the duration of their incubation periods, there 
arises at once an awkward obstacle, namely, a ridiculous 
paucity of data on bird weights. The following list gives 
all the records of bird weights which have come to light in 
the prosecution of this study, plus those determined by the 
writer. 

TABLE NO. 3 
Weights of Birds in Ounces Avoirdupois 


Weight Authority 


Gabriel Qua fae ayes en ae avg. 4000.00 141 
JISSINS7ATE Rts pic B42 aes A a 64.00 49 
BRUNT Dated ee en hee ee i): o's CO Oh MGs 
RPG OM PMC O UM «oi eo ol Ani Se wy ram as 1440.00 20 
sets 2) Gh ef e100 2c(0 01d ages ae eg ene le en he 42.50 20 
PAM EROS Nhe a Nee eck mh anid & ue he aD 294-288.00 185 
Mellow-billed Tropic Bird... @hgas.cs.-. 14.00 26 
Pelican (Pelicanus mitratus) .:.. se)... - 512.00 181 
White Pelican ¢, Juv. October........... 240.00 78 
(Cire nal 8.1L Toe) 5 (20) 0 ae 96-128 180 
Peron (Ardea cimered)\... 2.2 0. 2s. 2s oa 4 64.00 181 
VNU eiGi0 (GIS) OSS el Olen Ra a 144-192 180 
Domestic Duck. (Rouen) 79... 42. .5. 128.00 34 
Shoveller Duck— ¢—May 11............... 17.25 78 
REPRE GreESE OP) 84a ashe ous alelelale tales 160.00 34 
Gireaterionow Goose. < 4s. .6. 6.60 eee ee 80-104.00 180 
(OP MME Fry (COG (s/o tape ae Aa ere eee ee 128-224.00 180 
IDI Ab 8 Cenc eee chee Oy Oe rt 64.00 180 
BEN ba oe nan ci ey eat hie, erase A, tyege, 3 (Accs wo) ales (e244) 192-304 180 
CalitoriatayV wlbhure: ope ccc ess es = = avg. 320.00 100 
Gyrfalcon (Falco rusticola gyrfalco)....... 84.00 180 
ESTO ME ALCON Ds Orpen ee ae Gr as hie eb sis 4 « 72.00 145 
‘i 11D ele Nee Ay ene eee 22.30 78 

. e Pee ke She ae ke eee 24.00 145 
Western Sparrow Hawk @? July............. 4.76 78 
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Weight Authority 


European Sparrow Hawk............... 5.00-6.00 Le 
Bastern Sparrow’ Hawi eee 4.00 180 
Honey Eater (Parnis apivorus)............ 32.00 181 
Ammerican ‘Goshiaiwake Shes ei cat erate 47.00 15% 
Hen Harrier (Circus cyaneus)......:. 12.00-13.00 181 
Western Red-tail Hawk 9 .0..<2.2.0.52..5. 64.00 145 
i es e Bin intone uncer e le ieit telege teat 48.00 145 
Buzzard (Buteo asiaticus)\.2 {22225224 32.00-40.00 181 
Western Red-tail Hawk, June.............. 39.50 78 
Red-shouldered Hawk 25.) osc mene an 32-48.00 180 
SWalNsom subla wee Owe oe cunke eae Means eee 56.00 145 
ie Se A BH me re he ha) Pus! 25.90-56.00 180 
i si ee aie ta jel 2) Ree eae eee 40.00 145 
i Bh MORN Tora... 4 alate nerve are 39.00 78 
American Rough- -leg Hawk, Jan.......:... 30.37 175 
ree MBLC ee pea nae eee cae 33.65 78 
Golden Eagle NE EACEE cies ona ake Bea er re 184.00 60 
Sea We aR marie MS agar me 160-192.00 180 
Bald Eagle sac etid hte te Votoms’ < nletence feu tere eee RRS 184.00 60 
Gyetieens Sra leer tae akate ae peeene Cement ge re 128-192.00 180 
Globose Currasow 79 Heb.2y 7 ater Aaene 114.00 169 
Bob wilaate: 4 ase ueever Sure san aiken p aT ee 5.50-6.50 46 
Sealed Quail Q Jan PE EM PLR Te Aree Ar 7.00 78 
CUMIN eran ESP EE SOT PS Nee A 7.50 78 
Grey Ee aebridee nc icy. ec) eee een tence 12.00-13.00 46 
Capercaille @ ....... AR HSI Ay aly ak a ee 184.00 135 
Duskey Grouse turret baiy ie tees 40.00-56.00 48 
Rutfed GLOUSEL)-paecter Nan Ae cae ete 30.00-40.00 46 
“  (Bonasa umbellus 
umabellns) 2. Ge 18.00-24.00 180 
ace Grouse 3% «2s veiclnle eet ei ee 128.00 48 
Wald) Dumke 1OMs 0c sala eae teenies ave. 160.00 78 
: SP Tin [ie RIM te RUC owe De ace Re 160.00-288.00 49 
Guimiea Howl! Oryxssa.to%g Sagoo avg. 56.00 78 
Ring-neck Pheasant 9............. avg. 3. 36.00 108 
Golden) Pheasant 9 rilis i cee mee me aces 20.00-24.00 108 
Domestic Hen (mixed breed)......... 64.00-80.00 78 
American Coot (Fulica americana)... 16.00-20.00 180 
Great Bastard) (0/94 G6 ved s wana ence ee 480.00 10 
Wilson Phalarope ¢ May 11.......... avg. 3, 2.34 78 
European Woodcock 
(Scolopax) rusticola)) io acess. ese ee 8.00-27.00 181 
American: \Woodcoek) stones toe cae he ee 6.00 95 
+ z Giant beta kena all carekene 5.00-6.00 180 
ee i TN Ana SOREL Ao Eee ls fe 6.00-9.00 180 
Walson’s Smtpe: s/c.) wasps ots eee ene 4.00-5.00 180 
Common Snipe (Gallinago celestis)..... 3.00-8.00 181 


Solitary Snipe (Gallinago solitaria) .... 7.50-10,00 181 
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Weight 


Swinhoe’s Snipe (Gallinago megala).... 6.00-8.00 
Jack Snipe (Gallinago gallinula)........... 2.00 
Greater: Y ellow-lees,....4..2.5 6. fs.44)..- 6.00-10.00 
Lesser ay SP) teeter coearts sia oleia 3.50-5.00 
Spotted Sandpiper (Actitis macularia) 9 May..1.53 
Curlew (Numenius lineatus)........... 12.00-14.00 
Pemilcleer:’ 2, Sulivic ks eee Mr eee behest ya ate 3.10 
Kumlien Gull (arus kumlieni)...... iio so OU) 
Hesser Tern (Sterna, minuta))..126- 2). 6.04: 2.00 
sameetatl Pie eome fan viene lelee ye eo eats avg. 12.00 
Momectio: Pigcda aioe te ae ge sees wane oe 10.00 
Passenger “  (Estopistis migratorius) 12.00 
BTCV DONG ate eae a tt pte esl hs Ge avg. 4.50 

ss Bad tC Gee Men CE oer oN er 5.00-6.00 
roadrunner 3) tm; Octoner: 47 ts dec <i «swat. 11.00 
Wockatoosramalkeat oo) oe ok ee eles ce 3, 5h ac 2.88 
Wanita’ Coelho osx ae ot ahs ee deed ots vd 21.25 
Great Sulphur Crested Cockatoo...... 26.62-43.62 
Lesser Sulphur Crested Cockatoo........... 12.25 
Bare-eyed Cockatoo (Cocatua gymnopis)... 19.25 
Mnolucea@ockatoo:. 2558.45 cab sade Sick aces 34.12 
Rexdbeater’s;Cecka too... ii. sewasis act ase an 14.50 
Rose-breasted Cockatoo .:..............+55. 18.75 
siverand. Yellow, Macaw 2.228, 40... -s6 6 37.00 
Great Blue and Yellow Macaw............. 5L5 
Midget Macaw (Ara severa)............... 10,13° 
ilecant ‘Grass’ Parrakeet 2 ys vie. 'sdee 4 es 3.62 
Alexandrine Parrakeet (Paliornis torquata).. 8.50 
Peelred PRM OSG. oc ere ee eke as tw 8 2 5.00-6.00 
Long-eared “Owl, IN TIE ee anenatnes Nata es tr bea 11.28 
Barred Ohi Fat 5.0, ee te ere ie ass 3 20.00-82.00 
Sereech Owl (Otus asio asio).)......5.... 4.00-6.00 
Eagle Owl (Bubo maximus).............. 112.00 
Great erie nO Wl 4d eee ene ta yea ond 56.00 

cu “ (Bubo virginianus 
virginianus) .... 48.00-72.00 
Prowse Owl May 5.5 Week ce cies cok cea, 5.84 
WiesteraSiehthawk 2 June... 66 ie. ccs 25 
penmetms Nighthawk 9.2.0. oct ed oe 2.25-3.35 
Facile awe nin iyilen Gs AES divas a Ae deacon. sas 4.00 
Broad-tailed Hummingbird ¢ July........... 10 
Rocky Mountain Hairy Woodpecker ¢...... 2.25 
Hairy Woodpecker (Dryobates at ead 
NIL OSHS ena iers eee GB Mi 3.00 
Downey Woodpecker (Dryobates pubescens 
WACCNATINS ete ar Ae ere ie ke 4d 1.50 

Williamson’s Sapsucker ¢ April 8th........ 1.62 
Red-headed Woodpecker 9 July............. 2.80 


23 


Authority 
181 


Weight Authority 


Ant-eating Woodpecker ¢ in October........ 2.15 78 
Lewis. Woodpecker 3, Aug: (0.226 oe eae 3.81 78 
Western licker i “Aue. ) Shean eee 4.30 78 
Kanebird | a idly yes ee setae ya ce eee 1.60 78 
Arkansas, Kine bind sduly05 secre coe ee 1.60 78 
Says Phoebe<g. dumer duct aj6 eens eee oe aol 78 
Haram ond’siF lycatcher, 1s July. 45 te 40 78 
Horned Wark \(Desert)),) Novia...) 92 eee 1.18 78 
Townsand’s, Solataime, Sulyc)c.)5-0 en ee 1.40 78 
‘Westerns hvobria. OQ Siumexc5). ha yore eee ee 3.35 78 
Catbind Qi ily ere eine ae remy. eee ese ee 1.40 78 
Water Ouslecdulliye bis) i Skihe ane eee ee ewe 2.30 78 
Bohemian Waxwing 9 avg. 11, Feb......... 2.21 175 
. d avg. uu, Bebyn ne. ie 222 175 

Rock Wirentg-Many ss c45 sina aren ree ee 60 7 
Western: House (Wren 99 Juné.2..:...-52228 50 78 
White-rumped Shrike 3) June... comes eee ee 2.03 78 
@assin’s Vireo. shy as 6 ok cus ia eee .60 78 
WarblingsVarco: Julveck is: uae nel ee 46 78 
Rocky Mountain Nuthatch @. MUO eae 65 78 
Piomy, Nuthateh, 9 Aug. .¢).0))fecpe oe a 38 78 
Long-tailed Chickadee ¢ July.............. 40 78 
Maepre Mayne iit Crane ce cent cent meer een no ee 78 
kono erestede Java, ulye sen cmon vemos eae 4.00 78 
Rocky Mountain(Creeper:? July: 2.455. 2-.2- .20 78 
Orange-crowned Warbler ¢ May............ OT 182 
Yellow “Warbler os Mais . cine een ae 35) ‘78 
Myrtle Warbler 3g May dB of cya ss et Ae 50 182 
PWC a vepirupenavere peers tami 42 182 

Audubon’s Warbler ae NMS ya 2s | ee eee: 40 182 
Macoillivary’s Warbler 3° Jully.-... @.4555- . 40 78 
Western Panager yo. diulliy.o. ce sees: ceeeeite en: 1.10 78 


Red-winged Blackbird 2 ” (Phick. bill), June.. 1.60 78 
Red-wing Blackbird (Agelaius pheeniceus 
pheeniceus) Sree State ged aN eee te gar 2.50-3.00 180 
Meadow Lark (Sturnella magna magna) 4.00-5.00 180 
‘“*  (Western) (Sturnella neglecta), 


SUT he ey ee eee eae 3.97 78 

Rusty, Blackbirds fueegrerrcy ewer 2.00-2.50 180 
Brewer's; Blackbird, 9. Jmame> o3 100 50..0e aan 2.60 718 
Bronzed ‘(Grackle: May Ona eee eee a 3.87 182 
Elouse, Minch ro eiMaye.ce eee as ore eee .66 78 
Arkansas Goldfinch: 77 /Jimlvce 1s ee ues eee AT 78 
Pine Siskin} 6 dily ace ene cat cee ee Une e cree 43 78 
Enelish Spartow: 7st wee nko ee teae avg. 1.05 78 
Western Vesper Sparrow io (Octi rn. soreeeee 85 78 
rs @ Apr. 2a aera 1.00 78 

Dark Sparrow %riacos de oe eee eee eee 9D 78 


Weight Authority 


med-packed Junco: dy Suly sss oi. oe oh es 70 78 
Cassis Sparrow. 6 Ulva yt as fot eat Lee 70 78 
Western Song Sparrow 6 Feb. 28........... .88 175 

i) <lree s @ avg. 2, Feb. 28.... .65 175 

i. = a 6 -aveso, Web. 285... 175 
Spurred Lowhee 2 June sas es 56 tie a see 1.50 78 
Black-headed Grosbeak ¢ June............. 1.30 78 
Danks Bunting Sy Sumeners aca eles. <1. 3-4 sake 1.50 78 


It will be necessary here to consider but a few compari- 
sons of different species and their weights and lengths of 
incubation; the ostrich, kiwi and emperor penguin have 
identical incubation periods, yet their weights are two hun- 
dred fifty, four, and ninety pounds, respectively; the do- 
mestic goose and the sparrow hawk have nearly similar in- 
cubation lengths, yet the first weighs ten pounds, while the 
second but five (more or less) ounces; the ruby- throated 
hummingbird and Cassin’s vireo incubate their eggs almost 
exactly the same length of time, yet one weighs one-tenth 
of an ounce and the other six-tenths of an ounce. These 
examples form comparisons between species of different 
families, where one can expect such lack of parallelism be- 
tween weights and incubation periods. With species within 
the confines of a single family, however, equally sharp lack 
of correlation of weights and incubation lengths occur; the 
bobwhite and the grey partridge have similar incubation 
periods, yet their weights are as five and one-half is to 
twelve, and there are “several species in Fringilline birds 
which have identical incubation lengths, but differ markedly 
in weight. 

While the available data on bird weights is deplorably 
insignificant, when’ the species involved are compared to 
the total number of known birds, yet it would seem reason- 
able to expect more indications of a relation of weight to 
incubation length, if the weight fixed this length, than one 
finds in the data at hand. I feel that whatever relationship 
appears in these curves of weight is not one of cause and 
effect, but, as has been said before, a correlation of two effects 
to a third factor as an underlying single cause. The singu- 
lar and suggestive fact in this phase of our question is that 
with man’s domesticated birds with which one can see a 
variation of, at times, several hundred per cent. in weight, 
there should be no corresponding change in incubation. 


It is highly desirable to have more recorded weights of 
birds, especially of the breeding female, since biologic char- 
acters of birds will be more and more called upon to aid in 
the future in solving many riddles in avian physiology. 
Until a much larger mass of data along these particular 
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lines has been accumulated, one must suspend final judgment 
on the question of how much does a bird’s weight or size 
influence its incubation length. 


Age of Female 


It is well known that puilets of our barnyard fowl lay 
eggs averaging smaller in size than does the mature hen, 
and this condition also holds good with pheasant pullets: 
poultry men know that eggs of mean size and weight from 

each race of our domestic hen hatch more suecessfully than 
do too large or too small eggs, whence it might be held an 
the age of the female may affect the length of incubation, 
since it has been shown that the mature hen is apt to lay 
eggs near the normal for her race, which are more uniformly 
successful in hatching. Whether or not the larger or the 
smaller than normal eggs really hatch later or earlier than 
the average I do not know; in the absence of definite data 
in answer to this, the question must be left open and un- 
decided. Possibly the age of the female really affects the 
fertility or viability of the egg, and not the incubation 
length. It is also possible that very old females may exhibit 
a tendency to a slowing of metabolic intensity, which would 
unfavorably affect the incubating temperature. 


' Condition of Parents 


It is not possible to say, owing to the lack of exact in- 
formation, if the physical condition of the male has any 
influence on the length of incubation with the species with 
which the female does all of the incubating; nevertheless, 
it is conceivable that old, or ames or weak males may 
give the new individual in the egg a poor start, entailing 
perhaps a slower rate of Pe ara resulting in a longer 
period of incubation. 

There is no doubt in my mind but that poor health in 
either parent (when both incubate) would result in what 
amounts to a cooling of the eggs during incubation, and a 
resulting apparent lengthening of this period, through slug- 
gish embryonic development, all because of the setting bird’s 
temperature being lower than normal. While several ‘writers 
mention the physical condition of the parents as being a 
factor in affecting the length of incubation, none has given 
any data, experimental or “otherwise, i in support of the sug- 
gestion. It must be left open and undecided. 


Conduct of Parents 


The assiduity (or neglect) of the incubating parents 
in covering their eggs unquestionably results in the eggs 
being hatched “on time,” or “late,” or “not at all.” In other 
words, the length of incubation is unquestionably affected 
by the incubating bird being frightened from its nest too 
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frequently, or kept from its nest too long, or through the 
parent birds being inattentive. 

This effect on incubation has long been known to poul- 
try raisers; it is, however, an effect not altering the true 
length of incubation, but merely one of cooling and retarda- 
tion of embryonic development. Such conduct of parents 
does not affect the true or specific incubation length. 


Longevity 

In a valuable paper on longevity in birds, Gurney (132) 
suggested that there might be some relation between bird 
longevity and the length of incubation. 

It is nearly impossible to reach any definite conclusion 
on this suggestion since very little is known on that variety 
of longevity which is most likely the only one which affects 
the fluctuations of bird population and their correlated 
biologic results. There are nearly a hundred records relat- 
ing to the ages to which various species of birds live in 
captivity or when domesticated, but this is potential 
longevity. What is lacking, however, is information on 
the mean or average longevity, the length of life which birds 
attain in nature, under normal conditions of life’s pressure 
for and against them. Brehm (132) thought that longevity 
was more or less correlated with size, and there are some 
indications that within the Class this is true, but it fails to 
hold good when comparing species of differing Classes. 

A curve was plotted from the longevity data given by 
Gurney and gathered by the writer from other sources and 
placed in juxtaposition with the curve of incubation lengths 
of the same species; it showed no correlation between the 
two. It is safe, from the present data, to hold that length 
of incubation and longevity have no relation in fact, a con- 
clusion which H. Milne-Edwards (133) reached many years 
ago. 

State of Young at Hatching 
Precocious, 
Altricial, 
Completeness of development. 


In these three conditions, given as determining factors 
affecting the length of incubation, there are more or less 
confused, it seems to me, two distinct ideas; the first is that 
of precocity in its usual sense, 7. ¢., the state of self-helpful 
activity and semi-independence of young birds at hatching; 
and the second is that of the condition of the young being 
well on towards completeness of development at hatching. 
The first conception may or may not include the second, 
while the second always includes the first—a newly hatched 
duckling is typical of the first, while a newly hatched mega- 
pod bird is typical of the second. In considering precocity 
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it is easiest to handle the idea at the same time with altricial 
conditions of the young. 

Precocity and altricial characters are antipodal, and if 
precocity confers (or engenders) a long incubation period, 
it seems reasonable to expect that an altricial species should 
have a short period. This expectation is realized in a num- 
ber of instances, the ostrich and the English sparrow being 
good examples. There are, however, many striking excep- 
tions; the domestic hen and many parrots have identical 
incubation periods; one is typically precocious and the other 
is highly altricial; and yet under this explanation the first 
should have a long period and the second a shorter one. 
Most, if not all, of the Charadriidae are precocious, which 
ought to bring about with these species uniformly long incu- 
bation periods, yet the records clearly show a great variety 
of lengths of incubation with this family, just about as one 
would find it in any other fairly large and diversified 

natural group, 7. e., from sixteen to thirty days. Burns (38) 
justly calls attention to the lack of definite relation between 
precocity and long incubations, and altricial characters and 
short incubations, comparing with this in mind, ducks and 
large hawks, chats and sandpipers, tropic birds and gulls, 
all examples which in his belief disprove the correctness of 
the suggestion of a causal relation between precocious and 
altricial characters and the duration of incubation. If 
precociousness engendered long incubation periods, a 
majority of the so-called precoces should have this 
type of incubation length. Now, if one examine the 
records of the lengths of incubation amongst the pre- 
cocious Ratitae, Crypturidae, Phasianidae, Anatidae and 
others, one finds the incubation length varying from 
fourteen to fifty-eight days. In other words, with the so- 
called precoces one finds a wide range of variation in the 
length of incubation, just as one would find with almost any 
other group of orders and families indiscriminately mixed 
together. The supposed correlation of precocity and long 
incubation may have arisen through a belief that the pre- 
cocious birds laid large eggs, and that large eggs presuppose 
long incubations, but large egos are by no means the rule 
with the prococes, as is witnessed with the quail, hen, 
grouse, etc. Furthermore, this does not help this assumed 
explanation since, it will be shown later, the length of in- 
cubation is not closely correlated to the size of the egg. 

More or less relevant to this phase of our problem is 
Gadow’s (150) belief that there is a direct relation between 
the length of incubation and the nesting period. He assumes 
that the developmental period is made of two portions, 
embryonic and post-embryonic, and that the nest period 
covers the post-embryonic developmental stage, which is by 
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no means a safe assumption, since many altricial birds, and 
practically all the prococes, continue post-embryonic de- 
velopment for a good while after leaving the nest. 


Gadow’s conclusion is that a long nest period is pre- 
ceded by a short incubation period and (inferentially) vice 
versa. 


While the incubation and nesting periods of some birds 
support this view, there is also much evidence against. it. 
The screamer and the noddy tern do not bear support to 
the idea. The secretary bird is reported to incubate forty- 
two days, yet its young do not leave the nest for six months 
after hatching (188), and the condor incubates fifty-six 
days, while its young are reported to live seven months in 
the nest after being hatched (154). This question can be 
examined in another way by making a ratio of incubation 
length and nest life, counting the latter with precocious 
birds as zero. The following list gives this ratio with a 
few species: Domestic hen, 21;0; house-finch, 14;14; sparrow 
hawk, 29 ;29; golden eagle, 30;35; yellow-headed tropic bird, 
98:62. It seems to me that while there is much color of truth 
in this suggestion made by Gadow, whose eminence in z00- 
logic work compels attention to his ideas, there is so much 
against the theory that judgment must still be withheld on 
its finality. 


Under the second way of putting the explanation 
comes Arrigoni’s (12) statement, which voices also that 
of Newton (25), Evans (1-2), and Claus (10). Arrigoni 
writes: “The period of incubation varies, and is in relation 
with the state of perfection in which the young are born.” 
It is true that the young of the precoces are physiologically 
more perfect than are the young of altricial birds, but both 
are far from being morphologically perfect, and all have a 
long way to go before becoming so. An English sparrow’s 
nestling is typically the opposite of precocious, yet it hatches 
out in fourteen days, and spends but fourteen days in the 
nest. I doubt if a young killdeer reaches an equal level of 
development in fourteen days after hatching. As a matter 
of fact, it takes three weeks (after hatching) for young kill- 
deers to reach a stage of growth permitting them to follow 
the parents on the wing; it is ten days (after hatching) 
before they are able to lift their bodies off the ground with 
their wings alone (183). 

The only birds known to the writer whose young are 
hatched in a condition approaching “perfection” are the 
megapodes, and, the writer hopes to show later on, the length 
of incubation with these birds is not correlated with the state 
of perfection at hatching alone, but rather with quite an- 
other characteristic. 


Precocity seems to me to be an acquired character of 
expediency, found in a heterogeneous mixture of species. 
To many, precocity is synonymous with “lowness,” and is 
said to be a retained reptilian characteristic, the nearer a 
bird to its proto-reptilian ancestor, the greater its precocity. 
By this token the low birds should have both long incuba- 
tion periods and noticeable precocity. However, there are 
quite a few “low” birds which are the reverse of precocious; 
they are definitely altricial, e.g., pelicans, water turkeys 
and cormorants (65). Pycratt (115) puts the facts much 
more clearly, and with greater truth, when he says, “When 
the nestling is active from the moment of hatching, the eggs 
have a relatively longer incubation period than in cases 
where the nestlings are for a long time helpless.” 

The writer feels justified in holding with Burns (3) 
that the possession of precocious or altricial characters does 
not confer thereby long or short incubation periods, and that 
they are not correlated to the length of incubation as causes 
to effects. 

Size of Egg 

Claus (10), Fiirbinger (102), and Chapman (65) all 
state that the incubation period varies with the size of the 
egg. Burns (38) says it “seems to depend almost altogether 
on mere size or bulk” of egg, while Evans (2) in his second 
conclusion feels willing to hold “that within each group, 
the larger the egg, the Jonger the period.’ % 

What is meant by “size of egg”? It does not seem pos- 
sible that these (and other) writers mean mere size as ex- 
pressed by length and breadth, for these two dimensions 
cannot possibly account for, and produce, the endless varia- 
tions in the shape of eggs, variations of shape which produce 
corresponding differences in bulk, nor does it seem possible 
that they believe the infinity of bulks produced by these dif- 
ferences in shape would be paralleled by corresponding 
alterations in the incubation period. If there be any rela- 
tion between the size of the egg and the duration: of its 
incubation, the writer feels that the term “size” should be 
taken to mean weight, for after all is said, these differences 
in measurements and shape result in corresponding varia- 
tions in egg weight. If all birds’ eggs were of the same 
specific gravity, and if there were a fixed relation between 
the length- breadth index and the weight, one could easily 
ascertain the weights of a large number of different birds’ 
eggs, since there is an enormous accumulation of length- 
breadth measurements at hand, collected with infinite care, 
toil and patience for years by ornithologists all over the 
world. Unfortunately I was able to find no data available 
from which one can learn if all birds’ eggs have similar 
specific gravities, though Spohn and Riddle (173) make 
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statements which seem to indicate that the specific gravities 
of eggs from differing species are dissimilar; and unfortu- 
nately, also, the length-breadth index bears no relation to 
the egg weight (140). The writer studied this question for 
some time, seeking to evolve a formula whence one could get 
the egg weight from its length-breadth index, but found it 
impossible of achievement, in which finding he is supnared 
by Curtis (140), who says, “The shape of the egg (hen’s), 
as measured by the length- ‘breadth index, is negatively cor- 
related with the weight of the egg and with the weight of 
each of the egg parts.” 


It therefore seems to me that the only datum to be used 
in considering this phase of the problem in hand is, perforce, 
the weight of the fresh egg, and the relation of the egg 
weight to the length of incubation will be taken up a little 
later on in this section, while it will be expedient now to 
consider, more or less carefully, the relation of mere bigness 
to the incubation length. 

It is quite apparent, after a careful review of the facts, 
that there is a loose relation between the size of the bird 
and its eg@; the smaller the bird, the smaller the ego, glaring 
exceptions noted. This parallelism is more noticeable within 
the confines of natural groups (families), and within these 
groups there is also a loose relation between the size of the 
egg and the duration of incubation, 7. e., the larger the egg 
(and the bird), the longer the incubation, a relation well 
illustrated by the Buteonidae. There are, however, families 
wherein ‘this relation does not hold good, or wherein the 
exceptions are too noticeable to be disregarded. Thus the 
egg of the guinea hen is decidedly smaller than that of the 
domestic hen (51), yet the guinea hen has the longer incuba- 
tion period; on the other hand an example is found, i in the 
same family, where the larger egg is accompanied by the 
longer incubation period, ¢. e., with the Mikado pheasant as 
compared with other pheasants. There is, relatively, an 
enormous variation in the sizes of the eggs of fringilline 
birds, but the great majority of this family conform more 
or less closely to the fourteen-day period. There are so 
many contradicting facts in relation to this theory that one 
seems impelled to believe that egg size is not a factor in 
determining the true length of incubation; the size of eggs 
varies often to a great degree in a single set, and egos in 
different sets from individuals of one species differ much in 
size; the average measurements of eggs from the same 
species in different regions vary, ¢@.¢., those of the Mikado 
pheasant (68). Nevertheless, all these variations are un- 
accompanied by corresponding differences in the lengths of 
incubation. A fact of great weight in this discussion of egg 
size and incubation is that, notwithstanding the remarkable 
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variations in the size of the eggs of the domestic hen and 
its different races, there is no corresponding variation in the 
incubation period, be the egg from a bantam or a shanghai; 
in other words, the jungle fowl and its bizarre descendants 
all retain the ancestral length of incubation, v7z., twenty-one 
days. It seems to the writer that if this length were plastic, 
and altered hand in hand with changes in the size of the 
egg, it should be strikingly apparent with the domesticated 
bird, especially the common barnyard fowl, yet, as a matter 
of fact, there is, to reiterate, not only no change to be noticed, 
but a tenacious retention of the primitive e ancestral duration 
of incubation. 

Poultry raisers (103) have long recognized several dif- 
ferent factors which produce large variations in the size of 
hens’ eggs, and these factors have been given by Curtis 
(140), as follows: Age of hen, season of ‘laying, state of 
health of hen, position of egg in the egg laying period 
(2. e., the first or the last egg laid), the rate of egg produc- 
tion, and lastly the food consumption of the hen. It is 
possible that some of these factors can have no existence 
with birds in the wild state, yet, on the other hand, some 
appear to exist with birds in natural conditions, and still 
seem unaccompanied by parallel changes in the length of 
incubation. 

If egg size (indicated by measurements) be examined 
as to its relation to the length of incubation, one finds a 
complicated condition of affairs. Newton (25) says that 
the eggs of the guillemot (A. troile) are ten times the size 
of those of the raven, yet the incubation periods of these 
birds are but three to one, while the eggs of the eagle (sp?) 
and those of the guillemot are recorded (25) as being almost 
the same in size, but there is a difference of four or six days 
in the lengths of incubation of these two species. The incu- 
bation periods of the elf owl and of several hummingbirds 
are similar, yet there is a large difference in the sizes of 
their respective eggs. The eggs of the flamingo and some 
megapods are nearly alike in length and breadth, neverthe- 
less the first incubates twenty-eight days and the second 
forty-two days, rather than being identical, as would happen 
were this egg-size control theory correct. 

The above are all examples from species belonging to 
different families, and as Evans has stated, there is not much 
relation between egg size and the length of incubation out- 
side of the boundaries of natural groups (families). There 
are, however, numerous exceptions also to be found within 
families. 

The eggs of the white and the brown pelican are recorded 
as differing noticeably in size, but both species have the 
same duration of incubation. Furthermore, eggs laid by 
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white herons (13 38) in Europe are much larger than eggs 
laid by the same species in India, without, so far as the 
writer can learn, any difference in the incubation periods 
of the European and the Indian birds. 

It is self-evident that size, when determined by linear 
measurements, is an exceedingly shifting datum on which to 
base comparisons of different incubation periods. If there 
be any relation between these periods and the egg size or 
bulk, it seems important to secure a better datum than the 
above, and in a fresh egg’s weight, the writer believes, one 
has a datum beyond criticism, as to its meaning, and one 
which is unaccompanied by any questionable secondary con- 
siderations, and hence furnishes much more secure ground 
on which to build comparisons, and from which to draw 
conclusions. 

Unfortunately, the number of recorded egg weights 
from different species, gathered by the writer for this study, 
is very small, though there are, doubtless, many others 
tucked away in inaccessible publications; the following list 
(Table No. 4) gives all those found in literature, by the 
writer, plus a few which were determined by him person- 
ally. An additional list (Table No. 5), is given of the 
weights of individual eggs occurring in sets. All weights 
are in ounces and pounds (av oirdupois), and, so far as 
known, are of fresh eggs, unless otherwise specified : 


TABLE NO. 4 


Weights of Bird Eggs in Ounces Avoirdupois 
Weight Authority 


(CISTUISTG CEPR UA actin hee stesso 48.00-60.00 10 
. TSS HTEIEG) AE Sai Sean eos one ee, avg. 60.00 141 
UTTER. ele ere beach Oe ee 20.00 10 
SiMe ee eS, Jia, 3 Seren tss, Wwe Seeger 14.00-20.00 10 
1 GAH eae ees nt ota cote cee me 14.00-15.00 49 
1 CIA on or, Med ee ROS ER PE re 14.00 168 
MOCO Mendis + Ser cta't55 a eo, foe waynes 16.00 20 
Pe CM MCU IEEE RS LOA Sa. alk ch ch eure eigen es 4.80 136 
Adele Penguin RE ee oy ce RO ee ee Srna Shia oe 4.56 20 
Yellow-headed T TRO) ARG G A BUMS Ayes ete sera 1.42 26 
LD GROTIU ASTON et ave a gears ee avg. 4, 5.67 178 
Black-crown Night Heron......... avg. 4 sets, 1.25 178 
Mallard Duck (domesticated)........... ae 9.83 78 
Pekin Duck (domesticated)............. 2.38-3.00 78 
(Saas. (RCN Sle) eae a ae ae avg. 6.00 78 
California Vulture (estimated by W.H.B.) 10.90 10 
pS SIO We EvaiW Ke fe cs ops, Ro tera tiice ten U8 82 50 56 
Wrestemnelved-tail Planyike es bd dee ee bss 2.10 78 
Mallee Kewl (Lipoa ocellata).:...........-. 6.50 186 
lob Ose MOEA COW 4 oytan acces ed vo5 tsb cues 8.00 169 
Womestie Mube viele oo thirds cigadisie eis \o avg. 3.23 78 


Weight Authority 


Gaines: Tete. 908 oel enee We as 1.40 78 
Gurinea:. Hien 02:5. asesas Ge cece te aia ee ee 1.40 51 
Silver Pheasanty..c.o ies ae coe aces aes avg. 1.50 109 
Ringneck Pheasant. © tac. ac aon ee avg. 1.20 109 
Golden. Pheasant. i. .s ane rere. ae 1.00 109 
Reeves: (Pheasant, .o2)..¢ cc «aoe oe eee .98 109 
Domestic: Tenens 23h e anys aon er ee ae 1.90 78 
Domestic dent acc. 8 Ae oA age raees Cee 2.00 51 
KRoalld@er 7c hie ir a0 oe at aerate LR eae ae 40 78 
Mountain) Ploveries io. a. ct tee Soe ee avg. 3, .52 182 
Common eris 1.e steam ete ave. 4 sets, .64 178 
DomestiesPiceon san scence ak ee DOF ya 05 
Mourmine Dovel ena eee ee eee 40 78 
Kingfisher (Ceryle alcyon)............. avg. 3, .45 178 
ong-eared Owns os yee ees AVE. Ob 2062 78 
mcreech Owe see raj oredr mene Re e 58 67 
Western Nighthawk. cel. Mie cee aes 35 78 
Broad-tailed Hummingbird.............. avg. .02 78 
Orange-shaftted Mlickers.. sae. .2 aae e avg. .25 70 
oin@ bird ec Stk Cote cet hacer et eae er avg. 4, .15 178 
Arkansas Kinebied2 yy 2G pe penne ee 14 178 
ST 5 EPC eee ra Ler ty te SIRE ON I. avg. 4, .10 178 
astern Robin ie sim a ste soe ae ave. 4, .06 178 
Western Robin........ Pare: AEC avg. 3, .23 78 
Chtlourd he 262 ences eee inet eae avg. 4, .06 178 
Barncowallowicts. piace ac eet avg. of 2 sets, .05 178 
Bank “Swalllowiyscaccust acces avg. of 4 sets, .05 178 
Pree Swallow Gs news on eee een ee oe ave. 4, .06 178 
Cink Swallows G2 210e,. inetei detec avg. of 3 sets, .07 178 
Red-eyey Virco aati ae sen vense avg. of 2 sets, .07 178 
Mam pie eet atanercat ek hes eLearn ee avg. 17, 34 78 
Crow (Corvus brachyrhynchos brachyrhynchos 

Lupe 2 te 2 EU pel carer) Oa ave. 6, .62 78 
Yellow Warblerd), 5.2... eC cee avg. of 2 sets, .04 178 
Oivenbind yc C5 ii ere ttt sew ee ee avg. 4, .09 178 
Redstart 22.8 ok BG ei eee eee ee avg. 8, .05 178 
Bobolink. cco e it: once eee Lee eee avg. 5, .10 178 
Western Meadow Warks 5.00 0\ 5 iauo5 oe avg. 3, .20 78 
Brewer's: Blackbird 20) i05 s ieee tee aoe avg. 6, .18 as! 
Blouse inch rasa clci cei eiee ten ae avg. 8, .08 78 
Knehsch Sparrow, ess eaece enue © shen ave. 10, .09 78 
Enelish. Spareevgs. uae ree ice avg. 18, .09 178 
Western Vesper Sparrow: occ. - seas. ss. avg. 4, .09 78 
Chipping, Sparrows em. ce. ..5 eek e avg. of 2 sets, .05 178 
Sone Sparrow) (Subspe)cnk-weceese ees avg. 14, .07 178 
Black-head Grosbeakes eyo jae eo Rene avg. 3, .10 78 
Lazu Buntine sy) ea tal ae 2 tek aoe nome eee OF 78 
Lark ‘Bunting 45 buses ote ane avg. 4, .10 78 


TABLE NO. 5 (78) 
Weights of Eggs in Sets, in Grains 


Egg Number 


POMBO ET Reisiehelavs ntoncieralcieneiershareitausie selene 


Nighthawk (Western) (Sup sp?).. 


Broad-tail Hummingbird.......... 


ATISANSAS AINE DIEG ok ae eteieeneelene 
Wiestern RODIN =f. oe. ers spake 


Western Meadow Lark........... 


Brewers) Blackbird eemiics sees ot 


HiNnelish SPanrow ee oc ccc et sci e ke 


Western Vesper Sparrow......... 


Black-headed Grosbeak........... 


Parc GU Se eo suse ena laie erste ase eye 


If, now, one examined these various egg weights some 
interesting conditions appear: First as to isolated cases of 
comparisons, one notices that the ostrich and kiwi have equal 
lengths of incubation, yet the ostrich egg weighs three and 
three-quarters pounds, while that of the kiwi is less than a 
pound; a pigeon’s egg weighs five times more than an Eng- 
lish sparrow’s (in fact the pigeon’s egg is heavier than the 
sparrow itself) but there is only three or four days’ differ- 
ence in the incubation periods of these two species; the eggs 
of the yellow-billed tropic bird and those of the guinea hen 
are almost identical in weight, nevertheless these two species 
have incubation periods differing in length at least four 
days. -If one make a curve of the incubation periods, ar- 
ranging them according to the weights of the eggs, the 
henwiest first, it can be Houced that again there is a general 
tendency for the incubation length to shorten as the egg is 
lighter, but there are so many sharp deviations from the ex- 
pected regularity that one suspects that there is another 
factor, not influenced by the egg weight, which is at work 
in fixing the length of incubation or at least such a second 
factor is working in conjunction with the effect of egg 
weight. This possible second factor will be discussed in the 
later portions of this study. Suffice it here to say, that, 
while this list of egg weights is one altogether too short on 
which to base a final judgment, which must be held for the 
time in abeyance, these curves and such other considerations 
as just outlined compel me to believe that egg weights are 
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only loosely related to the lengths of incubation, and both 
are effects of another single underlying character. 

The more consideration I have given to this phase of 
our problem, the more incredible it seems to me that condi- 
tions as variable and elastic as the size and weight of eggs 
have been proven to be, can have much, if any, influence on 
the ¢rwe duration of incubation, an epoch in the individual’s 
life of the utmost importance to it and its race. 


Age of the Egg 

Any effect that the age of an egg may have on its in- 
cubation duration is probably correlated with the length of 
viability of such egg, by which term the writer would have 
understood the possibility of the embryo’s remaining alive 
without the egg being incubated. Viability undoubtedly 
varies with the species, and too, it must be related to the 
number of eggs in a set, and to the time interval between 
the laying of the eggs in such a set. It is self-evident that, 
often, with the ruffed grouse, the first eggs must remain 
viable at least fourteen days. It appears from Crandall’s 
observations (94) on an emu in captivity that this particular 
bird laid six eggs at intervals of five days each; if this were 
to occur in nature and all the eggs were to hatch it would 
show an amazingly tenacious viability for this species. Pick- 
nell (160) states that in ‘aptivity the ostrich lays twelve 
to sixteen eggs during a period of thirty day Ss and at the 
end of that time begins to incubate, which is another ex- 
ample of long viability. 

I believe that eggs of the lower birds will be found to 
remain viable a much longer period than those of the higher 
birds; I doubt very much that a robin’s or a hummingbird’ S 
egg would remain viable, even with extraordinar y care, three 
or four weeks after being laid. The grounds for this belief 
are that long viability is probably a reptilian character, 
and is related to a particular phase of a bird’s physiology, to 
be discussed later on. It is highly desirable to have this 
question of the duration of viability of birds’ eggs thor- 
oughly investigated. All that I could find in hterature on 
this question was that hens’ eggs remained viable up to the 
end of the eighth or ninth day, and those of pheasants, up 
to the fifteenth or twenty- first day. Inside of the limits of 
viability, the age of an egg (at least a hen’s egg) unques- 
tionably seems ‘to influence the apparent length ‘of incuha- 
tion, for if fresh and old eggs be placed together im an 
incubator (or under a hen, it is said) (162 ei the fresher 
eggs haich first. It also appears that the nearer the egg is 
to its limit of viability when placed under incubation con- 
ditions, the longer it takes to hatch. 

Heinroth (162) says that some ducks sit upon their 
eges at night during severe cold, to protect them until the 
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full set is laid, and yet that all of the set hatch on or about 
the same time. This statement uncovers a possibility which 
is of interest, and it is also one needing further investiga- 
tion; it is quite possible that the first eggs laid in such a 
set undergo a slow but appreciable development, a speed 
of embryonic growth which is perhaps never quite equal to 
that of the later fresher eggs of the set, vet the amount of 
development in the first eggs make up for the lack of 
developmental speed and all the eggs in such a set mature at 
the same time. One must not forget that there is an ap- 
preciable degree of development of the embryo before an 
egg is laid, and that it is probable that the speed of this 
“uterine” development is continued at the same, or at an 
accelerated speed if the egg be incubated at once after being 
laid, and, contrariwise, if this initial development be sus- 
pended for a considerable time after the egg is laid, the 
developmental process is slow in speeding up “and in getting 
under way again, all of which apparently elongates the true 
incubation length. It is said (49) that perfectly fresh turkey 
eggs, if incubated at once, hatch a “few hours earlier” than 
older eggs. This whole question of the behavior of 
fresh and older eggs, especially of wild birds, under incu- 
bation conditions needs attentive and thorough investiga- 
tion, especially through the channels of experimental 
methods. 


Influence of the Shell 


How much difference, if any, variations in the egg shell 
make in the duration of incubation of birds’ eggs under 
natural conditions is unknown to me, and it seems, @ priori, 
that this question would be exceedingly difficult to settle. 
It is a well-recognized factor producing variations in the 
success of artificial incubation of hens’ eggs, since all poultry 
raisers advise against mixing the eggs of different poultry 
breeds in the same incubator, alleging deciding want of suc- 
cess with such practice, and ascribing this to different de- 
gress of thickness, hardness, coarseness, porosity, etc., of the 
shell of different breeds; this assumption probably has some 
truth, for these differing conditions of the shell might affect 
the readiness with which such eggs respond to the heat of 
the incubator. It is probable that shells thinner than normal 
would permit of too rapid radiation when uncovered, which, 
if prolonged, would result in the embryonic growth being 
slowed down, only adding hours or days to the true length of 
incubation, and not causing a permanent modification of this 
specific length. The proot that the shell of eggs of wild 
birds varies is too clear to be overlooked, and its possible 
modifying effect on the length of incubation cannot be dis- 
regarded. However, Meyer (178) has shown that the egg 
shell of the song sparrow can vary 46% in the weights of 
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the extremes of different eggs; there is no evidence of any 
similar variation in the incubation period of this species. 

Further study on this point is to be made before one can 
render a verdict for or against it. 


Size of Yolk 


It has been suggested by Pycraft (138) that an abbre- 
viation of the incubation period with many birds has been 
brought about by a gradual lessening of the “food yolk,” 
presumably meaning that part of the egg commonly termed 
the yolk. 

Enunciated by so keen a student and investigator, and 
such an original thinker, this suggestion must be considered 
with care and attention. 

It is extremely difficult to discuss this idea in any way, 
both because Pycraft produces no statistical or experimental . 
evidence in support of his theory, and because there seems 
to be no information available concerning the size of the 
yolk in various birds’ eggs. 

The only publication coming to the writer’s hands, 
which throws any light on this theory i is a paper by Curtis 
(140), dealing with the factors which influence the size, 
shape, and physical constituents of the egg of the common 
hen. In this study (a model of its kind) the yolk is shown 
to be the second most variable component of the egg, and 
that of two eggs, the yolk is relatively larger in the smaller 
ege; also that the weight of the yolk is not determined, for 
example, by the hen’s “weight alone but that it is markedly 
modified by her hereditary ’ constitution, physical condition 
(state of health), stage of development (age), the season 
of the year, and the position of the egg in the series of eggs 
Jaid at the time. If these deductions by Curtis apply equally 
well to other birds’ eggs, and, until shown otherwise, it is 
fair to hold that they do, it is difficult to see how Pycraft’s 
suggestion can be Peoable: since, in general, the shorter in- 
cubation periods are characteristic of birds laying small 
eggs, which, as has just been shown, have relatively larger 
yolks, in place of smaller yolks, as his hypothesis requires. 

Pycraft mentions specifically, as having reduced yolk- 
size (or weight?) ‘“‘razorbills, guillemots, (and) many gulls,” 
but it is not possible to resolve this problem as it may apply 
to these and other species, until the relative sizes of their 
egg yolks be determined and the periods of incubation of 
these species be compared and viewed as to their relation to 
such yolk sizes. While judgment must be suspended also 
on this point, at least until a considerable mass of informa- 
tion relating to the size of the yolk in the eggs of different 
species of birds be secured, still it seems to me that this 
hypothesis is rather dubious. 
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Telluric Influences 

Under this caption are to be included the supposed ef- 

fects of : 

Geographical zone 

Climate 

Weather 

Geographical residence of species 
Site of nest. 

All of these have been mentioned by various writers as 
being conditions controlling or determining the incubation 
length; I am convinced that such influence any of these 

may have on the length of incubation is merely that 
of cooling the eggs and retarding the embryonic devel- 
opment, merely adding hours or days to the true length of 
incubation, which apparent length returns to the original if 
the retarding influence be removed. 

It has been abundantly demonstrated with eggs in ar- 
tificial incubation, that the duration of incubation can be 
extended by subjecting the eggs to temperature lower than 
the optimum, and that the degree and duration of the lower- 
ing of the temperature have limits, beyond which the em- 
bryo dies. Yet it is astonishing how much cooling or chill- 
ing a set of eggs will successfully withstand in incubation. 

The writer has known of a set of house finches’ eggs 
being left uncovered all night during a spell of cold weather, 
and ‘yet producing a full number of normal and vigorous 
nestlings. The structure of the egg lends itself to ene 
to too rapid cooling, for the shell, with its small “pores” 
full of air, and the “shell membrane, together, make a good 
insulating medium. Brehm (quoted by Ingersoll, 110), says 
it requires one hour and forty-five minutes at fifteen degrees, 
Fahrenheit, to freeze a living egg; this means that it takes 
seventeen degrees, Fahrenheit, of frost for nearly two hours’ 
exposure, to kill the developing embryo, and it is apparent 
that this time may vary proportionately with the size of the 
egg. It is well known that eggs in the later stages of in- 
cubation cannot resist successfully such low, or prolonged 
low, temperature as just mentioned, but that they do suc- 
cessfully withstand milder degrees of frost for much longer 
periods, especially during the early days of incubation, is 
equally well known. 

It is also known that the incubation period of the do- 
mestic hen can be prolonged to the twenty-third or twenty- 
fourth day by judicious cooling during incubation. That 
this effect of cooling obtains during the incubation of 
various other birds at large is undisputed. 


Zone 


The writer has been unable to find any published infor- 
mation bearing on the possible effect of geographical zone on 
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the length of the incubation period, though one or two gen- 
eral statements have been encountered, given, however, with- 
out any detailed facts in support of the same. Newton (25) 
says that there have been “no observations made on the ques- 
tion if there be a difference in the length of incubation be- 
tween polar and tropical individuals of the same species.” 

Arrigoni (12) is the only writer whose statement on this point 
is definite, though it is unaccompanied by substantiating 
facts: he says “it seems, however, that birds of the same 
species which nest near the pole, and near the tropics, have 

equal periods of incubation” (sembra pero che gli nidificono 
e presso al polo e presso 1 tropici abbiano equale periodo de 
incubazione). It is highly probable that the bodily temper- 

atures of birds (as is the case with Homo) vary little, if at 
all, with changes of zone, being, most likely, the same at the 
polar region as at the tropics; there is, however, some evi- 
dence which points to the possibility that atmospheric con- 
ditions may influence a bird’s temperature, but the question 
has not yet been thoroughly studied and worked out. Never- 

theless, I believe that binges while incubating, would be able 
to maintain the necessary optimum incubating temperature 
equally well in the cold zones as in the hot zones. In this 
connection, one must not forget that a large number of birds’ 
nests are constructed of such material and in such a manner, 
as to retain to the best advantage the heat apphed by the 
parents to the eggs, facts which bear especially on the 
question of incubation at the polar regions, the eiders being 
marked examples of birds with nests built to retain heat. 
The huge, bulky magpie nest has a central bowl of non- 
conducting clay or mud, and in many nests are incorporated 
most excellent non-conductors of vegetable or animal matter. 
The chipping sparrow uses horse-hair, the writer has found 
a nest of the Arkansas kingbird lined with rabbit’s hair and 
a house finch’s nest lined with sheep-wool; and what better 
non-conductor can be found than the cotton-like mass of 
the hummingbird’s nest ? 


Far be it from the writer wishing to be understood as 
holding that these materials are consciously selected for the 
purpose by the nest-builders; attention is merely called to 
the fact that provision to retain the apphed heat is to be 
found in many differing nests, and the nests of the polar 
regions are no exceptions. 


Many birds successfully go through the duties of incu- 
bation during the winter, ‘when the forests are deep with 
snow, and akin to the arctic regions, yet, so far as I know, 
this does not seem to change their incubation period in com- 
parison with their relatives nesting under less rigorous con- 
ditions. If the foregoing be true, it seems to me that geo- 
graphical zone has no effect on the true length of incuba- 
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tion. It is stated by Chapman (65) that individuals of the 
same species living in the Tropics lay fewer eggs than do 
those in Northern regions, and it would be of value and help 
if one knew if this difference in the number of eggs is ac- 
companied by a change in the incubation length, all of which 
still remains to be investigated. At the same time, it is nec- 
essary to call attention to the fact that the snow bunting’s 
length of incubation is much out of relation to the periods 
of other fringilline birds, a fact possibly due to zone, or to 
errors of observation, and that Clark’s crow has an incuba- 
tion period which is rather long in comparison with others 
of its family, or its taxonomic position. One of its con- 
geners (the Canada jay) nests during the snows of winter, 
and at high altitudes, too, without having an unusual length 
of incubation. 

Some records of incubation lengths state that the eider 
ducks (137) have a shorter period “than does the domesti- 
cated duck in warmer climate. Sueh statements remain to 
be substantiated, but still add force to the belief that, in the 
future, incubation lengths must be studied with an eye to 
eliminating such influences as slow down and prolong em- 
bryonic development, and thereby distort the true incubation 
period. 

Heinroth (162) believes that the short periods of 
Mereca penelope, Chen rossi and Dafila acuta (which he 
gives as twenty-two to twenty-three days) is due to the short 
northern summer; granting that these periods are correct, 
why is the period of the teal in more southern latitudes no 
longer? Is the period of the Emperor penguin nearly fifty 
days, because it occurs in the dark, winter months? I think 
not. 

Climate 

Information on the possible effect of climate on the in- 
cubation length is absolutely lacking, so far as the writer 
has been able to determine. It is conceivable that a species 
living in a moist climate might be unsuccessful in incuba- 
tion, if suddenly made to live in an arid region (or vice 
versa), because of its ege’s structure having been adjusted 
for generations to a given average humidity, which adjust- 
ment fails in the new locality. While such a possibility is 
extremely remote under natural conditions, a similar result 
does occur with hens’ eggs in artificial incubators in Colo- 
rado (a semi-arid region), the writer having been given to 
understand that failures to hatch in incubators, in Colorado, 
are frequently due to egg dessication. It would shed some 
light on this question if one knew if there were any differ- 
ence in the lengths of incubation of white heron in India 
and in Europe, because of the two-fold effect of differing 
egg size, and climate. 
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Climate alters the size, color, shape and many other 
characteristics of birds, but does it change the incubation 
length? This remains to be demonstrated. If it does, it is 
probably exceedingly slow in effect, and only through 
minute increments slowly accumulated, and probably always 
producing alterations on the side of a shorter true length of 
the incubation period. 

Weather 

It is said that varying weather conditions change the 
incubation period, and while the writer has found in his 
study of the house finch (77) that, short of actual freezing 
or prolonged chilling, the weather has no influence whatso- 
ever on this species’ incubation period, and Macdonald’s 
(146) report on the incubation of the horned lark seems to 
point the same way, yet Job (95) states definitely that the 
incubation period of the see is one day longer if the 
weather be very cool or wet, and Knight (105) States that 
he has recognized a prolongation of two to four days in the 
incubation periods of certain species of Lanius and of Geo- 
thlypis because of varying weather conditions. It is possible 
that prolonged droughts might also prolong, or, in fact, 
render unsuccessful natural incubation because of a tendency 
to egg dessication or to over-heating if the parent were 
compelled to leave a nest uncovered too long. I believe that 
if there be any difference in the length of incubation seem- 
ingly referable to weather, that future careful study of such 
effects will show that the ¢rve length is not altered, but 
that the change is merely one of prolongation due to cooling. 


Locality 


Geographical locality has been mentioned as a cause of 
differing lengths of incubation in similar, and in unrelated, 
species. I know of no indubitable support for this theory. 
There is no evidence that a robin’s period is longer or shorter 
in New York than in Georgia, or Colorado, or Canada; on 
the contrary, all the facts seem to support the opposite idea 
that there is no change in the period, whatever the locality. 


Site of Nest 
Casey Wood (104) says that the English sparrow’s in- 
cubation period “varies slightly between twelve and thirteen 
days, depending on the weather, the Jocality of the nest*, 
and the amount of time the bird is on the nest,” a variation, 
so far as the nest site is concerned, patently due to the vary- 
ing temperatures produced by a well-sheltered or an exposed 
nest, the sheltered nest promoting optimum conditions and 
a resulting ¢rwe length of incubation. 
However, one writer (162) states definitely that site of 


*Italics by W. H. B. 
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nest produces, not variability of the incubation period, but 
differing lengths in different species. Thus, by this explana- 
tion, the tree-nesting ducks and the European vulture (Vul- 
ture monachus) have long incubation periods because of 
their nesting places being so located as to have security from 
ordinary foes. 

This, however, does not explain the long incubation 
periods of ground-nesting Anatidae, such as a goose or a 
swan, nor can it be reconciled with the short incubation 
period of a flicker, with which species the nesting place is 
reasonably free from intrusion by foes, or the short periods 
of cliff-nesting swallows. 

The writer believes that a// of these supposed influences 
on the true length of incubation discussed above really bring 
about only a retardation or a suspension of embryonic de- 
velopment, a suspended animation in ovo, as it were, and 
that in no way do they affect the true length of the incuba- 
tion period, which, when distorted, is resumed with the next 
incubation or the following generation, granting the en- 
vironmental conditions be normal. From the point of view 
of this study, one must carefully differentiate between a 
change of incubation length which is temporary, and affect- 
ing only one set of eggs, and one which is permanent, and 
passed on to succeeding generations. 

Assuming, as one must, that chilling the eggs during 
incubation does produce such effects, the question must. be 
interjected, “Do the eggs of all birds withstand equally well 
similar degrees of chilling?” It must be considered because, 
if they do not, those birds whose eges endure successfully 
the longer periods and greater degrees of cooling will ex- 
hibit a greater vari iability in their incubation periods, the 
same being a source of perplexity in studying the problem 
in hand. 

As has been intimated before, I believe that it will be 
found by future investigations (if it has not already been 
so determined) that eggs of the more primitive birds will 
remain viable under adverse conditions much longer than 
will those of the higher birds under like conditions; in other 
words, under like ‘conditions of cooling, rough usage and 
neglect, a ducks egg will be viable long after a robin’s egg 
will be spoiled. I doubt if thrushes’, warblers’, finches’ and 
swallows’ eggs would hatch if subjected to a course of treat- 
ment as was given to some eggs of “shore birds” by Beebe 
(114). This observer gathered a number of eggs of terns, 
skimmers, gulls, green herons (all the eggs being well on 
in the incubation stage) for purposes of embryologic study, 
which were carried about for several days without any sus- 
picion of their remaining viable; yet several hatched on 
being placed in an incubator, and produced normal “chicks,” 
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which grew to maturity. This experience discloses but one 
more of the many interesting points embraced in this prob- 
lem, which are yet to be thoroughly studied and settled. 


New Euplanations 
Body-weight: egg-white index, and incubation length. 


Newton (25) says that “the size of the egg is generally, 
but not at all constantly, in proportion to that of the 
parent,” attributing this relation to the necessity of the 
parent being able to completely cover and incubate all the 
eggs it lays in a set. This relation between the size of the 
body and of the egg is only general. It is also true, in a 
loose way, that the smaller is the bird, the smaller is its egg. 
There are many notable exceptions to be found on either 
side of the equation; the kiwi (168), megapods (16), some 
gallinaceous birds, and the barbary duck (161) lay eggs 
very large in proportion to their bodies, while with storks, 
cuckoos and several other species the reverse holds true. 

These facts, and my own study of the weights of birds 
and their eggs, suggested to me that there might be some 
relation between the ratio of these two weights and the 
length of incubation of the egg. This possibility was in- 
vestigated far enough to demonstrate that there is not the 
least relation discernible between the two, hence it is men- 
tioned here, only to be dismissed. 


A New Explanation Based on Physiologic Grounds 


Most of the explanations previously propounded seem 
inadequate, and more or less illogical, because they have 
been based on passive conditions, such as an anatomical 
character (size of body), or on a histologic character (size 
of egg), or have been built on effects een merely retard 
or suspend embryonic development, effects which do not 
alter the true or specific length of incubation. None has 
been directly correlated with an active biologic or a physi- 
ologic process or condition, which alone, it seems to me, can 
directly modify so vital a span as is the true duration of 
incubation. 

Only two of these past theories have been founded on 
physiologic grounds—longevity and the health of the par- 
ents. The first cannot at present be said to have any bear- 
ing at all on the duration of incubation, and the second is 
inseparably related to another which seems to have an all- 
important influence on the true length of incubation, a con- 
dition now to be taken up and discussed. 

It is hard to realize that a fertilized egg is, during 
incubation, not an organ or a detached part of a preceding 
bird, but that it is in reality a growing new individual, 
and as such must respond, or be subject, to control by special 
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biologic and environmental conditions, which probably are 
peculiar for each family, or perhaps for each species. 

This is not an idle fancy, for it has been shown by 
experimental investigations (156) on the temperature of 
developing bird embryos that “the embryo of a chick must 
be looked upon as a cold-blooded animal” during the early 
days of incubation, and that later it shows more and more 
characters of a warm-blooded animal. If this contention 
be correct, then the fertilized egg, as such a new individual, 
must be, in its growth, fitted, and respond, to conditions 
peculiar to it and its immediate ancestors. In other words, 
it must be in consonance with its environment, and react to, 
and be affected by, it as in any other individual. The physi- 
ology of the embryo is determined both by its heredity and 
its environment. Would it not be logical to look for the fac- 
tor or factors, condition or conditions, which fix the true 
length of incubation amongst the environmental conditions 
which make for or against the health of the developing new 
bird? Would it not be wiser to seek for an answer to our 
problem in the domain of the bird’s physiology ? 

Tt has already been stated that, for an egg to be success- 
fully incubated, it must be subject, during incubation (a) to 
a correct position, (b) to an atmosphere ‘of proper moisture 
content, and (c) to a certain degree of temperature. 

The attainment of a correct position for the egg during 
incubation is apparently automatically brought about by 
the movements of the incubating parent with all birds ex- 
cept the megapods. It seems undecided whether these sin- 
gular birds do or do not visit or disturb an egg after it 
is laid. 

The proper amount of moisture necessary for the preser- 
vation of the embryo is probably attained by selection, 
through a long process of adaptation to the surrounding 
prevailing humidity ; it would be valuable to know if eggs 
of individuals of the same species, incubating in humid and 
in arid regions, exhibit different egg shell structure in order 
to compensate for humidity differences in such antipodal 
regions. It is possible that in natural incubation the mois- 
ture emanating from the incubating parent’s body, or from 
the soil under a ground-nesting species, also may be a factor, 
and help combat undue dessication during incubation. It 
is said that the Egyptian plover (Pluvianus egyptius), 
whose eggs are partly incubated by the direct heat of the 
sun, dampens its egg by contact with its previously water- 
soaked feathers. 

The first of these two requisites seems to be one of pure 
physics only, and the second one largely of physics, with 
perhaps an added element of physiology. 

How important is the first in natural incubation I am 
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unable to state; nevertheless, it seems important in artificial 
conditions, since most poultry raisers insist that with hens’ 
eggs in artificial incubation it is very essential. The second 
is obviously a sine gua non, yet being largely one of physics, 
it does not seem in reality to affect the length of incubation, 
but rather the life or death of the embryo. Hence, since 
neither of the first two essentials for successful incubation 
is one of a bird’s physiology, it remains to take up the last, 
and since the heat applied to eggs in natural incubation 
emanates from the setting bird, it would appear that the 
factor of the degree of temperature applied to the eggs is 
one of pure physiology, a question of the production and 
application of animal heat. Moreover, it can be said, with- 
out fear of contradiction, that temperature is the most im- 
portant of all the three factors (or conditions) just enumer- 
ated. Now, inasmuch as the incubation heat comes from 
the brooding parent (true or foster), excepting with the 
megapods and (possibly for a part of daylight hours) with 
ostriches and the Egyptian plover, it would appear that the 
bodily temperature of the incubation parent should be a 
highly important factor in relation to the incubation period. 
In brief, it seems to me that birds’ temperatures should be 
investigated, not only as such, but also as to any relation 
they may bear to the incubation period, and also any other 
facts cognate with birds’ temperatures. 

If a bird’s temperature be highly necessary to successful 
incubation, it would seem reasonable to predict that birds 
have acquired habits, and conditions of body exhibited only 
during incubation, which are calculated to facilitate the 
application of, and conserve, the heat applied to the eggs 
during this period. 

A superficial consideration of birds’ nests throws some 
light on this question. While a goodly number of nests are 
too flimsy, or in too close contact, apparently, with the earth 
to aid in concentrating the heat applied to the eggs, never- 
theless a majority of “nests are so constructed as to retain 
this heat most advantageously. It is obvious, however, that 
nests may have been developed, and probably did arise, as 
a protection to, and receptacle for, the eggs, yet the almost 
innumerable instances where the nest materials are ideal as 
insulating media show that out of this primary use of a nest 
has grown the concomitant result of the conservation of the 
all-important heat applied during incubation. 

Reciprocally there are conditions normal to the bird, or 
found only during the incubation time, which lend nene 
selves to the application of a maximum amount of the par- 
ent’s heat to its egg, and to holding this heat at the most 
advantageous level. Lucas (10) has maintained that the 
majority of birds have no feathers on the abdominal area 
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in order to more successfully incubate their eggs, saying 
“the bare spaces of the body of a bird are adaptive * * * 
(the) belly (is) bare in most birds because of incubation, 
and in ducks, penguins and auks becomes bare during incu- 
bation.” Pycraft draws attention to a further step in this 
process, and says that the bare abdominal area becomes 
seemingly inflamed, with its blood vessels more distinct than 
normal, a condition not likely to be a true inflammation, 
but a functional hyperemia only, resulting in a more plenti- 
ful and more frequently renewed blood supply to the parts, 
in the end maintaining more easily the optimum incubation 
temperature. 


Before entering upon a larger consideration of bird 
temperatures and their relation to the length of incubation, 
it seems desirable to consider briefly a few facts concerning 
the effects of heat applied to viable eggs. 


There is a small amount of development in a fertile egg 
before it leaves the body of the parent, but it is very slight, 
and never reaches any advanced stage as is the case with 
many near relatives of birds, the reptiles, with which ani- 
mals incubation of the egg frequently goes on to completion 
within the body of the female, and the young are born alive, 
resulting in the fact that while many reptiles are OVOVI- 
parous, birds are never anything but oviparous. The shght 
development in an egg which starts and goes on while it is 
still within the female’s body continues for a while at a 
very slow rate after the ege is extruded, even under com- 
paratively low temperatures, viz., 86° F. (388). Prolonged 
or excessive chilling or over-heating promptly kills the 
embryo. And both of these effects are persistently avoided 
by incubating parents; thus ducks, etc., cover their eggs 
with down or feathers when leaving the nest in cold weather, 
and the ostrich shades its eggs with its body and wings from 
the sun’s excessive heat (160). 


It is demonstrated that there 7s an optimum incubation 
temperature, and it is almost demonstrated that each species 
of domesticated bird has an optimum of its own, an opti- 
mum which hatches the eggs in the shortest time possible, 
and which probably varies little, if at all, with each species. 


Nevertheless, it is extraordinary how, for example, a 
hen’s egg will hatch under what seem anything but optimum 
conditions; thus, such eggs have been known to hatch in a 
barn-yard manure pile (33). 

H. Milne-Edwards gives the optimum (without desig- 
nating for what species) as 104° F. Various other figures 
have been given for this incubation optimum, a conflict 
arising, most likely, because the optimum differs with differ- 
ing species. 


47 


There is support to the further idea that the optimum 
may vary according to the stage of the incubation. Job (95) 
says that for ducks (sp i) the best temperature during most 
of the incubation is 108° F., and shehtly before or at Theel 
ing it is 104° F. One might predict this. It is a fact that 
with many birds, as the incubation period nears its close, 
the bird’s belly becomes more and more bare, permitting a 
closer and closer contact of parent to eggs, a condition 
facilitating heating of the eggs; and, too, that towards the 
close of incubation the eggs Ti sanieelotse especially i in a large 
set of eggs, produce and disseminate heat (160) ; these two 
facts forming a combination calculated to subject the eggs 
to a gradually rising temperature as the incubation nears 
completion. 

Furthermore, on the basis of what is known about avian 
(embryonic and post-embryonic) temperatures, this gradual 
rise of the incubation temperature would square with what 
goes on within the egg as it 1s incubating. I am not doing 
violence to the facts, nor yet making an overdraft on the 
imagination, in believing that a new bird, in its embryonic 
development, climbs up a series of evolutionary levels, from 
low to high, and that under these circumstances one would 
expect to find lower temperatures more fitting to the early 
parts of the incubation period, and higher temperatures in 
the later portions of the period, differences which may be 
slight, yet none the less significant. The optimum incubat- 
ing tempel rature (in artificial incubation) for the domestic 
hen is given as 102° F. (early) and 103° F.-(late) (83); 
for ducks (sp?) for the first three weeks as ce F., and the 
last week 103° F. (84); for the ostrich 101° F (160), and 
for the rhea (Rhea Americana) as 103° F. (13). 

There is a large field for research in this question of 
temperatures of artificial incubation; there is also an en- 
gaging and unexploited field for investigation in the tem- 
perature conditions of the nest in natural incubation; special 
thermometers have been constructed to register this tem- 
perature, but the data are too few to require special notice 
here. This method of study might be undertaken with the 
aid of the ordinary clinical thermometer, and it remains 
to, and should, be vigorously prosecuted. 

While it is known that there is a slight upward swing 
of the optimum temperature towards the end of artificial 
incubation, it has not yet been demonstrated in natural con- 
ditions. Still so much points to the high probability of its 
existence also in natural incubation that one can safely 
accept it as tentatively demonstrated. 

If there be an optimum incubation temperature, which 
varies with the species and, also, according to the degree 
of embryonic development in the egg, it would seem safe 
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to predict that differing bird species should exhibit, under 
normal conditions of health, differing body temperatures, 
and perhaps, in a given individual, this normal temperature 
should be found to vary according to the stage of incuba- 
tion, since the parent’s body heat is that which develops its 
embryo in practically all of the myriads hatched each year. 

It then becomes self-evident that the optimum incuba- 
tion temperature for any species is the temperature of the 
incubating parent (true or foster). 

The physiology of a bird’s temperature is not nearly 
so well known as that of man and other warm-blooded ani- 

mals, but there is, nevertheless, enough information on the 
subject to enable one to get a fairly comprehensive view of 
its physiologic characteristics. 

Birds are homoiothermic; they have in health a body 
temperature which is relatively characteristic and of a con- 
stant curve, one peculiar to the family, the genus, or pos- 
sibly even to the species. This temperature, with all species 
so far studied, has a daily swing, being highest, with diurnal 
birds, between noon and six in ‘the evening, and lowest be- 
tween midnight and six in the morning, these extremes 
being reversed with nocturnal birds (167). The amplitude 
of this daily temperature swing varies with different species, 
and seems to be correlated more or less closely with the 
bird’s size, since Simpson (167) found it to be widest with 
small birds and narrowest in large birds, there being 7.68° F. 
between the extremes with a thrush, and 1.65° F. for a duck, 
and with birds of intermediate size this swing was inter- 
mediate in amplitude. This daily swing of body tempera- 
ture corresponds fairly closely with the bird’s activity, being 
lowest when it is at rest, 7. ¢., the hen’s temperature is lower 
while incubating than when active; it remains nearly con- 
stant during most of the period of incubation, and rises only 
when the hen becomes more active and “excited” at the 
hatching of the eggs. It is said (164), however, that the 
temperature of the nest is lowest in the first week of incu- 
bation and highest at the end, a change possibly not due to 
the hen’s temperature alone, but also to the eggs themselves 
producing heat as the embryos develop. This twenty-four 
hour rise and fall of temperature also obtains with man, 
and is also slightly correlated with his condition of activity 
or rest; the curve can be reversed if his daily mode of life 
be reversed, a fact throwing light on the reversed curve in 
nocturnal birds. There is some evidence at hand showing 
that the female carries a higher temperature than the male 
(165-167), since with cormorants, guillemots, razorbills and 
ducks the females have the higher temperature, the excess 
varying between .07° F. and .5° F. This difference may 
seem negligible, but it must be noted and borne in mind 
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when investigating this subject. It has been determined 
that a hen’s temperature varies slightly with the season, 
highest in the summer, and nearly, or exactly, identical in 
May and October. I am inclined to believe that there is a 
tendency to an increase of temperature during the mating 
season, since I have found the cock ring-neck pheasant’s 
temperature much higher than the female’s at this time of 
the bird’s physiological year, and Pickrill (141) says that 
there is an increase of about 2° F. at such times with both 
sexes of the ostrich. Ingestion of food and muscular activ- 
ity elevates (slightly) the temperature in man (156) and 
seems to do so also in birds. The support to this latter 
statement is indirect only. A setting hen’s temperature 
(166) is lower than that of an active “control” hen, and the 
“control’s” temperature is lower at night, as shown if taken 
when the bird is gently lifted at night from the perch. An 
under-fed or a starved hen (165) has a lower temperature 
than the normal control bird; this difference borders closely, 
however, on the domain of pathology, into which it is in- 
expedient here to enter. 

Birds have bodily temperatures which are only slightly 
affected (156) by climate. Individuals of the same species 
in the Arctic region have the same temperature as those 
in temperate zones, showing the wonderful control of body 
temperature by the heat centre of the central nervous sys- 
tem, and nothing shows more vividly the power of this con- 
trol than the experimental demonstration that a sparrow, 
with its feathers all clipped off, maintains its body heat, 
under ordinary temperatures, quite easily at normal. 


The age of a bird has no relation to its body tempera- 
ture, except that altrical birds do not acquire a stable and 
normal temperature curve until ready to leave the nest, or 
at least until muscular co-ordination is nearly or quite per- 
fected. Precocious birds seem to have a perfectly function- 
ating temperature controlling centre at hatching, while con- 
cerning the age and temperature, it may also be said that 
ducks varying in age from four to twenty-four months 
exhibited temperatures identical with those of older birds 
(165). The rectal temperature of a hen, taken immediately 
after it has laid an egg, is said to be 2° F. higher than nor- 
mal (164). I am unable to say that all these peculiarities 
of a hen’s temperature apply also to all other birds, but until 
shown otherwise, it is necessary to hold that they do. The 
normal temperature of man is assumed to be the average 
of the highest reading of the twenty-four hours, utilizing 
as large a series of observations as possible, and all ‘of normal 
adults. Comparative physiology demands the same stand- 
ard in other homoiothermic animals, having, of course, due 
regard for individual peculiarities (1. e., nocturnal animals 
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and birds). Therefore, in this discussion, a bird’s normal 
temperature will be taken to mean, not the mean of the 
records of twenty-four hours, but the highest in that period, 
or the average of such highest records; hence, the most desir- 
able bird temperature records are those taken between noon 
and six in the evening, accompanied by notes as to the bird’s 
sex, age, method of securing the bird, and of other modify- 
ing factors, some of which have just been outlined. 

The way of securing a bird to take its temperature 
varies, and it may have considerable influence on the result. 
Sea birds were caught with a baited hook and line for such 
purposes, nearly a century y ago (165). I have found, using 
trapped English sparrows, that the rectal temperature of 
these birds is the same before and directly after being shot, 
and Simpson (165), in studying other species, antedated me 
in this conclusion more than thirteen years. This conclusion 
is also true of flickers, since a male’s temperature, directly 
after being shot, was 106.6° F., while that of a female, taken 
alive (and afterwards liberated), was 106.4° F. 

This method of securing animal temperatures is approx- 
imately accurate, and is substantiated by similar methods 
with mammals (156) ; in all cases, care must be taken to note 
if the specimen bleed profusely (becomes exsanguinated), 
in which case there would be a swift descent of the tem- 
perature, or if the brain be extensively damaged, in which 
event it is possible that the temperature might be, for a 
short time, abnormally high. Whatever the method of se- 
curing a bird, a standard self- registering clinical thermom- 
eter should be used, inserting it ‘into the bowel a half-inch 
or more, according to the bird’s size, and held in place until 
the mercury ceases to rise. 


It seems self-evident that the ideal time to secure bird 
temperature records would be while a bird is incubating, but 
this, at present, would be difficult to do to any extent large 
enough to be useful, and the next best time to take birds’ 
temperatures would be while they they were breeding or in 
the brooding period. For the purposes of this study, any 
and all recorded bird temperatures must be utilized, even 
if all have been taken with little or no regard to their bear- 
ing on the length of incubation or to their relation to the 
peculiarities of the daily temperature curve. The number 
of published temperature records of birds is not large; aside 
from some records scattered through the literature of human 
and comparative physiology, and a few determined by my- 
self, there are two principal sources of information on this 
subject, the first being found in a list given by H. Milne- 
Edwards (38), in 1863, and the second, a brief but highly 
suggestive study published by Sutherland in 1899 (112). 
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Table No. 6 gives all the above mentioned records, plus a 
few scattered in other publications, some given to me by 
obliging friends, and a few determined by myself. 


TABLE NO. 6 
Bird Temperatures in Degrees Fahrenheit 
Weight Authority 


Ostrich, layine Seasomy Oy eee Meee eee 102.0 141 
Ostrich, monclayame sa. anon Sante aetna 100.0 141 
Ostrich, breedinnes sabes nacre ees ete 104.0 141 
Ostrich, average of five individuals......... 99.2 156 
Ostrich, highest of five individuals.......... 100.0 156 
SEED 53. ie esse eh ree Ee eure tee ene ee 102.2 112 
SEIN 5) 6.5) Rese, © ec OIRO ieee acre avg. 103.1 165 
CASS ON EIEYy eye Se calitet lene tee ie one cepraaes el ae 102.56 112 
Dinamou CSported) 4044.2 vee ee avg. 104.06 112 
Tinamows(Rwlous) ks aude ae ee 105.44 11g 
Apteryx ( Mantels), tox co. aoe een eee 99.32 112 
Aptery xy Ghaastis) Oia) o uae 4 ese eee 100.22 112 


Penguin (Eudyptula minor undina), Alive 
Mite MBiistn otoe can aka Pete OlalBldimen a’ 6 Sst eames avg. 6, 101.3 153 


Rene win i(Species 1)i ee alae, See ieee tae 102.2 10 
Penemn. (ONdelie): Shin ict tse vee Ake: eee 102.5 10 
Horned Grebe (Colymbus auritus)......... 105.26 165 


Albatross (Sp?) (Taken in 1836 and 1837) 

casita Gia Nancy oe eneh se bae mneeie) aaah te Aah Rte mean 108.82 165 
A at EQSSs(S Oey Gauie en cme hyceiocnn tects et eee 104.09 38 
Diomedia (exulans or chlorhynchos?) 

eras chatane Wee esi? ene eee mean of nine 105.27 =165 
Grand Albatross (taken in 1836 and 1837) 

J Bla land rake ite, 2) ots Rees combate s Raekeken cleha her sere mean 102.92 165 
Petit Albatross (taken in 1836 and 1837) 
mean 106.16 165 


PaO 9, -OROwO Gs um. Ch OL Op ON OULO Chi Ce On Oy Ded ou do 1 


Preprelt WES POV) las, Wr ay teeter ait el he eee ae tec 103.1 38 
Grand Pétrel Noir (taken in 1836 and 1837) 

eseanelay there eye Recah seria y Crake Tet, Sse ee ae Bee mean 103.46 165 
Procellania,oracihs:..) <. it aa eemer PEA aE alee 101.66 = 165 
Procellaima: capensis gsi iavase see lacty a eee 103.5 165 
Mutton Bird (Neonectris tenuirostris brevi- 

Calidas))\, vauliivie 7 cic at cee eee eee avg. T juv.-100.2 153 
Procellaria pelagica (Storm Petrel)........ 103.64 165 


Pétrel gris (taken in 1836 and 1837)....mean 103.28 165 
Pétrel damier (taken in 1836 and 1837) mean 105.26 165 


Cormoran (Spe ee cet aa ues ok oecoss ects 106.16 38 
Phalacrocorax carbo (Cormorant)..... mean 103.5 165 
Phalacrocorax graculus (Shag)........mean 106.4 165 
Sula ibassana. (Gammeb), 40 suse e oes mean 106.6 165 
Black-Crown Night Heron ¢ May 2, directly 

after beige Ghote) a aliis as enn taeeeie eee 102.3 182 


Weight Authority 


LCOS 4)! orc vel eRe eer eo: oveeld we acento 105.8 156 
1 20g Ges) ON) keene Ape A wee eT 7 Tt 105.8 38 
Mieraauser (Spt) rove ascneaeees os 486 mean 106.75 165 
Duck (Sp?) (24 individuals)........... avg. 107.8 156 
Mallard Duck (tame, three removes from 

irl 6 1) AR BS SE ok hs mean. 106.7 165 
Mallard Duck (tame, three removes from 

Hla) Ose nee UGE L sare A atteg eo in 6 a mean 106.88 165 
Womestre Diels ig73) 2s. ave. maximum 107.24 167 
Womestie Wuwekr 9 «tsa avg. maximum 109.4 167 
Womestie Mucky 6hs.45) hss avg. of fifty 107.5 165 
Domestic Wire Ons oa. Sa i%..<8 + avg. of sixty 108.0 165 
Sa ward Commie cela see eats kl = 2 chalg Se 109.58 38 
TP UGIER GS Beers ene ote set hare. 6% 40a) oe 105.08 10 
Anas rubripes (Black Duck).......... mean 106.34 165 
AIX Spomsds (WV OOO) iele)i if. Of 2 ).4. ad aad.oms 107.6 165 
Canard: Walloum: CPochard?) <4). 50/i6 ot 5s. 108.68 38 
Ty Ed A 10 TSE Ae eee a Mo Le mean 106.2 165 
1 SUS yy] Ue I re eo) Han a 108.32 38 
cde mew ay 8 isda aries Sek he mean 106.34 165 
Clangula clangula americana........2...... 104.72 165 
Goose (Sp!) ea... 5: five individuals avg. 107.0 156 
FF GOSE: WUOMESIIC Msi) Ra awe gee atias face te 106.7 147 
Mic Commune ae 55.0.5 oes cle etd = eee Pe eere 106.7 38 
Oie rieuse (Cacklinge Goose?).............. 109.4 38 
Oyener a, Dee TOUPe. ye oes yas ees eee 105.78 38 
Prairie Falcon ¢ in December, immediately 

SME EOTG NOS TIN SOU Wd yee ari aele needed rajeie «haan dal 106.6 78 
PARLE OHI ede hes eA FER Ces OMe RSA e au, 104.9 38 
Blaler (estrelie yn sia heer ae cs <: avg.max. 108.32 167 
Hawk (European Sparrow?)...... avg.max. 107.3 167 
‘LON Sie G1) 2) 9, PAS A a a en ea 106.52 38 
PRUE MMUMPE eet he Ue ac Oh oidbct as) Sy ati) a! as aes 109.58 38 
Western Red-tail Hawk, in August, alive.... 106.2 78 
Swainson’s Hawk @ alive, April 24........ 106.6 78 
American Rough-leg Hawk ¢ in December, 

ENA CETe | S[STIOg tS] 51 0) hg reel ae ee 105.8 78 
Qletigs 13.1 NEN a Ee 0 oh ea erga ee 104.36 38 
(Garg SIS fe. c= AERA te ecb ae Cee eae ea 105.8 38 


Globose Curassow @ alive, in captivity.avg. 4-106.4 169 
Globose Curassow ¢ alive, in captivity .avg. 3-106.4 169 


Gellitigitem so) cmnipraes 6 Ss akon ae ctie es 108.95 38 
| Detegoyar ales (STO) eae cd iin ee 106.88 38 
Natal Francolin (Peveoln natalensis), in 

ENOL OY oie UN On LTS. ene a a 107.9 97 
Willow Grouse ¢ (taken in Arctic regions). 109.04 156 
Pera Pee MONG kG. aise rahe yea ew o> 109.4 156 


Pravriet#Wawilids jo.iac ce Pe Bl) tc, Solna 2b 109.76 156 


Weight Authority 


Murky. .4/0 ss G2 sek GHeees o hr seeaeho rye meee 109.0 156 
Dindom..siivcedt wee eae ae oe ea eee 108.86 38 
Gamea Howl’ icin doc eda eee ere 110.0 156 
Pantader 20. ane feck one) or coke ee eee 111.02 38 
Pheasant (Sp Opn teate. oe see anenne eee ene 108.7 156 
iine-neckieheasamtyd) 4. eee ee avg. of two 107.5 109 
Ring-neck Pheasant. in geo Sdeee oe ee ee eee 106.0 108 
Domestic: Howl, (Ox. ak eens avg. max. 107.3 167 
Domestic Fowl....... avg. of 111 individuals 106.9 156 
Domestic How lb tO sacks ke vaca eee ele ate 107.6 147 
Domestic owl econ tos reer rere avg. 106.55 38 
Domestic Fowl ? at large...... avg. of three 104.6 109 
Domestic Fowl, laying, and at large........ 106.38 164 
Domestic Fowl (Leghorn), laying hens.avg. 3 107.7 153 
Domestic Fowl (Leghorn), laying hens, 

ALCON OKEVCISE) jcltiy «a 2G |e Oa bn eee 108.4 153 
Domestic Fowl, lifted from perch at night... 105.08 112 
Domestic Fowl ¢ setting........ ave. of two 103.6 109 
Domestic Fowl, “setting, average of many”.. 105.6 108 
Domestic Fowl, brooding by day............ 107,00> site 
Domestic Bowl. settee. > 3 2k ears eee 106.7 164 
Domestic Howl so ese teeter ave. max. 1LOV.5 167 
COGhe WA ete on Gk Oe oie ee a eee avg. 103.46 38 
BBS cern euTM One Ys exec che nate ecgene te cee avg. max. 107.8 167 
Bantam, Werhorn, settmp.. =... ieee ede eee 104.0 109 
Bamba WON Os eee sas mee Reese ee ave. max. 107.39) Lo 
ROMP RAT iow si h une TOs hs Ce A ee eee LOGS 38 
MGuihGue Caer eioen te oe ce sed ele een eee 104.9 38 
Sun Bittern (EKuropygia helias) in captiv- 

ity 3 BONO. Meanie Che haem 1024 | 97 
PB yaleri pine. Cra eae tcct eto Re eee 104.9 38 
Hooded Dotterel—‘One minute dead”....... 107.0 153 
Killdeer @ June, taken immediately after 

bere Shot ais dees ck te RO ents S 106.6 78 
Bare hee as) pecs Boe sieeve Ie eee oe 107.98 38 
Chiornis minor (Sheathbill), taken in 1836 

Chae Ail Co Bu PARE MOR RRL Cre Ah ad Sot 104.0 165 
Stercoraire: omer... ¢s shee. Renee ene canbe 104.54 38 
Le Cordonnier (Megalestris skua?)....mean 104.2 165 
Rissa tridactyila ste kre seer etitre < e. mean 106.6 165 
Mouette tridactyla: sci ae cee oe soe 105.26 38 
Mouette blanche, ceene0 es naet ee (i. ee eener 104.18 38 
Larus arventatusaes ss: Zoe. ees ke eee 108.32 165 
Goéland “arcentéc fet pinnve on. eee le 108.14 38 
Tuarus camUSHt. ease as ceees as oie mean 107.1 165 
Common’ Sea-cull, quv: 2... 222 avg. max. 106.7 167 
ards fuscus:(..2ut ence sk een ere ee mean 106.9 165 
-Godland &imantean ers: ¢. 4. cumeeenoeemen. 105.26 38 
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Weight Authority 


Winnie OriGe 2) See emanates Oceanis eg) 106.52 38 
(GUM AFS) CALA) ie eeaectameh eae 0k So aa 100.4 139 
| Diireriei27 ta 67] Dea a means Mapes, i 2 ae a mean 105.5 165 
mic ONle. <n Sak epee ST. mean 104.5 165 
PMIOSREOEGAL 2 CG). cd oiat san Reve yacva rs Gs. 2 mean 104.9 165 
MUST OLS... oe wear ee ee oe, 5 oo srke 104.9 38 
Piecon ;DOmestiCnint 1 bits Nwinacare > kc.5.8 avg. 107.87 38 
Pigeon, Domes tense setae eee eye, Mount lees 107.6 147 
Ee CONG OMICShIC tee | Pear vers Petes aos oos ahs sss 108.0 156 
iceon. Domestic sas. oat ger rs iete <<. ss avg. 105.6 156 
leone LW OMeshiG ver dah ate ine welt 36 6 suse 107.24 156 
Pocono mestemoy orem see em k ee wa 65 a3: 107.45 167 
Pigeon, Domestic @ brooding, noon......... 104.0 78 
Piseon, Doiiestie go" sc a: see ee avg. max. 106.75 167 
Speckled Pigeon (Columbia pheeonota), in 

Gero telpyatcayesreeyisck) ler VAC ee Sue ae ea bleu ee aga a0 
Mourning Dove, in captivity, with crippled 

wing, noon, Sept Pane hapard CRAM ath As sek eS 106.2 78 
Ruddy Quail (Geotrygon Montana) Edis ets, 1Os 97 
Road-runner ¢ taken 11 A. M. in October, 

immediately after being shot.............. 107.4 78 
White-crested Turaco (Turacus corythaix), 

TTETICGRY 6 CIN ees ers al eat) eee Aa ee ae 104.2 97 
Ara oratrix, in captivity, noon, Sept........ 102.6 78 
EAE OGG aa uth oh eictiei pene es eee os occ ae 105.98 38 
Para Motmot (Motmotus pareensis) in cap- 

Igih Yau Sas apo ner) OM Besa [these ral Aaa eae ease na eee 104.1 97 
J BC erie O81 (ee Aa es eae ar a ea avg. max. 103.46 167 
Long-eared Owl ¢ directly after being shot, 

MN ie a Miniys OAR ree Ne or Cer ho Sass 104.2 182 


Long-eared Owl, taken alive, June,2 P.M... 103.3 78 
‘Lene eared Owl @? directly after being 


shot, Mile VA eRe oct a ake tna d ails ts ecapete 103.4 182 
WOivlen(Manviey Sy o.' ca he. esa 2 avg. max. 105.08 167 
ON SHON CANES 007 on) ea avg. max. 106.0 167 
Saw-whet Owl, in captivity, 3:30 P. i ean 104.3 oi 
(CLEA ESI CUTE N 7) PRES CSE oe eee 105.98 38 
Wye lu(bllorned!?) 20 pete access 3 ave. max: 105,98" bod 
OrbGblormed ig gametes ae. so oss ave. max. 106.0 167 
inom ae eee le Sk 106.52 38 
Western Nighthawk, taken in daytime, 

Dilys ater toc shat ahs sc coe ok cs es 104.2 78 
Swathi ( RaMEOPedIN”) Paeceee a tell cles ss oes 50 1a ETRY, 156 
Western Hairy Woodpecker 3 3 P. M., 

ATIOUSH waiter DeIMeyshObar. \..6 0s. +.)+ +: 105.5 78 
Downey Ww oodpecker, in captivity, 3:30 

ee Maer ee ee te Ea es a calc gai 108.3 ae 


Weight Authority 
Williamson’s Sapsucker ? alive, 4 P. M., 


April: G4 tend Paget Ae he SERA ER CmiOGne 108.2 78 
Red-headed Woodpecker @ 5 P. M., July, 

arter beme Shot. 4a be beeen ene 107.2 78 
Ant-eating Woodpecker ¢ 3 P. M., Oc- 

tober, atcer Deine Shot Ah. pean cee corer 106.6 78 
Lewis Woodpecker ¢ 4 P. M., August, 

acer Deine Sot neti nie. celenee ones tare are 107.0 78 
Western Flicker ¢ 5 P. M., August, after 

bem shots, 2h Meets acura ae ny ee 106.6 78 
Western Flicker @ taken alive Sept., 3 

MES eo 8 oui la rc aaa ee eRe Re oe 106.4 78 
PaSSerInG DINGS is thea cacti yee eee: 107.6 to 111.2 112 
Hammond’s Flycatcher ¢ noon, August, 

after betnorsnOb 02). <u g eit e ease eee 106.2 78 
Grieve commune 50a era melee ee 109.4 38 
Bhrush sGS pe) ese soe oan ae avg. max. 108.86 167 
Bess (Sp: alesis acces acho yeaa are ee leis 109.0 156 
ine di amelie Fee oats emt kee ae eee eee 110.6 156 
| CoTE16 5100 01 La mea eS PRB Daa, ours She ONS Chee 109.9 156 
Bogen Pheushien ye ce ene avg. max. 108.2 167 
Catbird, 2 P. M., in June, immediately 

aiter bet shots 200.550 eke ye Aer vee is 106.4 78 
Curved-billed Thrasher 3 3 P. M., in Oc- 

tober. directly aiter slots. <2 so. se.tenees 107.4 78 
Water Ousle ¢ 3 P. M., in July, directly 

ALOTISMOL, fat wes ea alot otte ae ciaete ere Bie 106.4 78 
Swallows (Spi!) asco eins ome va eee ce 111.2 139 
Bohemian Waxwing @¢ alive, after strug- 

cling. 3 TP MS March obiss as). ais ote 107.2 78 
Bohemian Waxwing @ directly after being 

Shot, 80 PM SV oie af cis en arle Sister ers 106.2 78 
Bohemian Waxwing ? directly after being 

Col 70) ETT OUR) eae FROME rae aa ent Phe nT Aa) ty oe 107.8 78 
Bohemian Waxwing ¢ directly after being 

Shit. o COO te Viton a ne omnes rete Cer re rg cee 108.0 78 
Warblers (Spt yack Gi abc n ete mete ee 109.4 10 
Audubon’s Warbler, 6 P. M., May 7......... 108.6 182 
White-rumped Shrike ? 4 P. M., August, 

directly atter Shot. ae cemee sae oa 108.4 78 
Rocky Mountain Nuthatch 2? 1 P.M., Au- 

oust: directly atter shotiee. .2'. 2.2 reer 107.0 78 
Great; Titmouse... serie servic ch ememee 111.2 156 
Greater Bird of Paradise (Paradisea 

apoda) inécaptivitys seb. NE. oh eee 106.7 97 


Magpie, juv., alive, 4 P. M., July. .avg. of five 106.5 78 
Long-crested Jay, noon, July, directly after 
SOG. 3) 40s. e ae Hae eae IOP AS EN Raa nee ea 108.4 78 


Weight Authority 
Arizona Jay 2? 4 P. M., October, directly 


Biber DEI SHOb a tisiia om acyeregiens slave. ss. 400 as 109.0 78 
Sooty Jay (Psilorhinus morio fuliginosa) , 

PEE CADELVILY; aco One iene Gn rrtatan vk she ohne 110.+ 97 
Brew 6 On. sl Ae oe oe a Amey er avg. max. 108.86 167 
PE ROUOUW 80 Gate nu Beintee ote e~ ave. max. 108.4 167 
Ria mie S oo 5 © apo ents nate ee acs S's oye ne hs 107.78 38 
Worbeau (Ravenior@row?) 2. sce 5.625% 109.22 38 
SUAS. oa Oe rata eee hohe eee eels avg. max. 109.25 167 
Rocky Mountain Creeper 2 3 P. M., July, 

GUEECHY aieRISmOle ee ee Se Arse cs) e.s oe ahs 108.2 78 
Thick-bill Red-winged Blackbird 2? 5 P. M., 

GHe ch lyst aime moO uct ey sme eis cisicts e+ be 109.0 78 
JY IO VRSTEE NTO GS cic oleate cena Eun eee ee aa max. 112.1 38 
iii ainee per eee eee eps a oe Spe eieretone ¢ min. 105.8 38 
Western Meadow Lark ¢ directly after be- 

ie Shot wularen 4. MOON... it. 6.2 sec0 63+ 107.2 175 
SY OEMEIRO As) dbo) Cia) | eae See an avg. 109.0 10 
Epona Ete) etrn tase Aye ccc coce eich we aw 4 a4 oo 107.96 38 
iouse komen (9 0 PaMi alivesiA ct... 642 324. 108.3 78 
House Finch ¢ directly after being shot, 

Jie) care 250 [OES |S UY eae etre ee 106.0 175 
Pine Siskin ¢ 2 P. M., July, directly after 

Kes te ete Sse ata re Mica el ewe gostei g 106.3 78 
Sparrow (Sp?%, probably P. domesticus)..... 107.8 156 
English Sparrow, avg. 11, alive, 4 P. M., July 108.3 78 
English Sparrow ¢ avg. 6, alive, August.... 108.0 78 
English Sparrow @ avg. 2, alive............ 108.1 78 
English Sparrow @ June 11th, directly 

ater DEMO SHO. ms sae wet cee ae ateloela <2 < 109.4 78 
English Sparrow ¢ alive, January 26th..... 109.0 78 
English Sparrow ¢ alive, August..:....... 107.8 78 
Chestnut-collared Longspur ¢ October, di- 

TD EQUL AWE LCT GiSt G1 0) Ba Soe nem Se Se 109.6 78 
Western Vesper Sparrow, 4 P. M., October, 

MICE UVR EELS SH Obie abs. esis wins <a als\egla wie ou 109.0 78 
Western Vesper Sparrow ¢ directly after 

5] 00) pe 0) a ALES 7S 1) fag OS Nee ore 108.6 78 
| ESTES CUlaC6 | SEL REPL ee rege es: Ae ene a 109.67 38 
Shufeldt’s Junco ¢ directly after being 

Shot, = MOO, rel ANU al yep: pinto. sc Sass cies o 5 8 10750)” iS 
Cassin’s Sparrow ¢ 2 P. M., July, directly 

SN ISEICUS 0) WAMU oe 2 ae eae or 108.0 78 
Spurred Towhee ¢ 1 P.M., July, directly 

oN Pe iokel 210 easier Wage Sc = eet er 108.0 78 
Lark Bunting, in captivity, 3 P.M.......... 110 sat. of 
UAT eee treo 2 cto he tele oa aia ees ave 8! 109.04 38 
DE) on deb 001072) Cae ees cl haa e aa a 109.8 156 
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There are several conflicts in the published records on 
bird temperatures which are probably due to differences 
brought about by season, sex, struggling, and, too, in the 
early records, by imperfect instruments, for the modern ac- 
curate self-registering clinical thermometer was unknown to 
Milne-Edwards and his predecessors, its substitute being a 
crude affair, and such as it was, only just beginning to be 
used in physiological and clinical investigations. 

Sutherland (112) concluded from his study of bird tem- 
peratures that “the result seems to show that-the higher the 
bird in the zoological scale, the higher in general is the 
temperature of the blood”; in other words, as birds have 
risen in the zoological scale, their temperatures have become 
elevated pari passu. In general, this conclusion is substan- 
tiated by Table No. 6. If the writer is not in error, what 
occurs in the whole class Aves is also found more or less 
within the orders and families of the class—4. e., differences 
of “highness,” both in taxonomy and of temperatures, in 
orders and in families; if this be true, a steadily rising curve 
of the temperatures found in the class Aves would not only 
be unexpected but it would be suspicious. 

What one would anticipate under these conditions is a 
more or less steadily rising curve, subject to undulations 
which are brought about by differences of temperature in 
the families of the orders involved; this anticipation is real- 
ized to a reasonable degree by the temperatures in Table No. 
6, which show a distinct tendency to rise with the species, 
and be subject to undulation when the linear classification 
jumps from family to family. It seems to me that there is 
more than chance in the parallelism between the rising body 
temperature and the bird’s elevation, despite the scanty 
data, and despite the probable errors in both the data and 
the classification. 

Let us see if any other writers have been convinced of 
this relation; Pembrey (156) says, “those animals which 
are higher in the scale of evolution, such as birds and mam- 
mals, have a high temperature, which is fairly constant and 
independent of the temperature of the surrounding air.” 

Simpson (165) seemed surprised to find that different 
families of the same order exhibited different temperatures, 
saying, “even families of the same order appear to differ 
considerably in body temperature,” which, rather than a 
surprising thing, is what ought to occur if Sutherland’s law 
be correct and apply, to orders and families as it seems to 
apply to the class. Simpson appears to have been familiar 
with Sutherland’s conclusion, and after denying that there 
is a relation between the highness of a mammal ‘and the ele- 
vation of its temperature, he says that “the same appears 
to be the case amongst Class Aves, above the Ratite.” I take 
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it that he based this adverse conclusion on his own work, 
which included the “Turbinares, Staganopodes, Pygopodes, 
and Longipennes,” a group of families forming but a small 
per cent. of the Class, and also taking in birds largely of 
the lower levels. Furthermore, he based his conclusions 
(seemingly) on the mean of the temperatures of the species 
in the family, which seems untenable, if it be true (as he 
points out) that there are differences of temperature 
amongst the families of the orders, and the more untenable 
if the species within the family also show different tempera- 
tures. Simpson also based his conclusions on the average 
temperatures of the twenty-four-hour period, which I feel 
is not correct; unless I am much mistaken, man’s normal 
temperature is regarded as the average of the highest in 
twenty-four hours, 7. ¢., that taken between noon and six in 
the afternoon, and such is the method I have utilized, when 
possible, in my consideration of this phase of this study. I 
am strongly of the opinion that graduations of temperature 
occur primarily in the class, secondarily in the order, and 
again in the family; what occurs in the whole avian tree is 
repeated in the secondary, tertiary, and even smaller 
branches. 

Seeking to confirm these ideas on grounds other than 
those of these meagre records, one may justifiably ask, are 
there any other facts (or reasons) which can point to, or 
explain, the assumed co-existence of “high tempe ratures” 
in “high birds,” and “low temperatures” in “low birds?” 

It is not possible here to go extensively into the question 
of the physiology of animal heat, but it can be examined 
briefly at one or two points where it applies to the ideas now 
in hand. It has been shown (148) that, with all mammals 
investigated up to date, each animal can go through only a 
definite and fixed number of metabolic changes during its 
period of post-embryonic development, a contention based 
on the fact that a/7 such mammals consume equal total num- 
bers of calories per kilo of weight, from birth to maturity ; 
there are further indications that this ratio may also obtain 
through the whole period of life. These facts mean that 
the large mammal, which én general lives longer than the 
smaller one, goes through its chain of metabolic changes 
slowly, taking a long time to do so, while a small mammal 
does the reverse. using up its metabolic-change quota (which 
is identical in both mammals) swiftly. The large mammal 
lives long and slowly, the small one briefly and swiftly, a 
difference in “swiftness of life.” What is known as to a 
correlation between size and longevity in mammals tends to 
confirm this theory of the “swiftness of life,” for in the 
scale of size represented by the elephant, camel, dog, and 
mouse, variations in size and longevity are found to go hand 
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in hand. Another way to put this view of the swiftness of 
life is that the rapidity of growth from birth to maturity 
is proportionate to the metabolic intensity, which last is, as 
said before, directly related to size; the elephant takes years 
to mature, the mouse can breed at the age of a few weeks. 
This difference in the speed of life process in large and 
smaller animals is not based on theory, but is demonstrable 
by experimental methods (156), all of which show that the 
metabolic intensity is proportionate to the animal surface 
area, which is relatively larger in the smaller mammals 
(148). Hand in hand with this slowness or swiftness of 
metabolic processes are found corresponding differences in 
the animal’s physiology, particularly in the respiration, 
heart rate, temperature,and possibly in the embryonic metab- 
olism. There are some indications at hand suggesting that 
this relation of swiftness of life and body size prevails in 
the embryonic, as well as in the post-embryonic stages of 
existence. There is suggestive evidence that the larger the 
mammal the longer is ‘its gestation period; with the mouse 
it is three weeks and with the elephant at least eighteen 
months, and animals intermediate in size show a fairly well- 
defined intergrading in the gestation period length. Pem- 
brey’s remark that “the temperature of the smaller mam- 
mals and birds is often higher than that of the biggest” 
(156) gives a logical introduction to the question, Does this 
relation of size and swiftness of life in mammals obtain also 
with birds? Simpson (166) has definitely answered it in 
the affirmative, so far as the hen is concerned, for he stated 
that the large and most lethargic birds (7. e., of hens) had 
a much lower temperature than the smaller and more active 
ones. I am convinced that a thorough study of avian physi- 
ology will show the same variation in the swiftness of life 
in this class as is demonstrated in mammals. It seems quite 
likely that increasingly intense metabolism and steady dimi- 
nution in size of birds are related, and that the intense metab- 
olism finds expression in many other ways in the function 
of birds. For example, I have found a house wren’s respira- 
tion to be 160 per minute, and that of a house finch to be 100. 
Rapid respiration and fast heart rate are always (in health) 
co-existent; if one take the respiration: pulse rate index of 
man, @. ¢., one to four, and apply it to these two species, it 
would show the wren to have a pulse of 640, and the finch’. 
one of 400 beats per minute. Since there seems little known 
about a bird’s minute physiology, it might be hazardous to 
assume that the human index can be correctly applied to 
birds. However, there can be no question as to the amazing 
rate of the heart beat in birds; if one hold an English spar- 
row or any small bird loosely but securely and gently in the 
hand, and apply it closely to one’s ear, the bird’s heart, as it 
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beats, sounds like the rapid tick of a small watch*. All 
these observations merely point to the exceedingly intense 
metabolism and swiftness of physiologic processes in such 
small birds, a combination of conditions that should produce 
high body temperatures in small birds, and a brief study of 
Table No. 6, shows clearly that the birds with highest tem- 
peratures are, as a rule, the smallest of birds; moreover, it 
is held by physiologists (151) that the power to produce heat 
is proportionate to the activity or sluggishness of the animal 
(not specifying class). These facts again lead to a belief in 
the general correctness of Sutherland’s law as to low’ and 
high temperatures in “low and high” birds. There are some 
relatively small birds which have low temperatures, as, for 
example, the apteryx. It seems to me that this is a good ex- 
ample where it is not size but the primitive character of the 
bird which determines the elevation of its temperature, but 
this is not proven; it may be a true exception, or the low 
record may be due to errors of observation. It is to be no- 
ticed that one record of a pigeon, the speckled pigeon, shows 
a very high temperature for a bird classed as relatively low; 
the whole of the facts in this, and similar cases, are not 
known, and compel again one’s suspending final judgment 
pending further light. 

In further support of the relation between elevation of 
temperature and taxonomic standing, it may be recalled that 
as birds have grown up, and away, from their proto-avian, 
or proto-reptilian ancestors, they have become better and 
better feathered, and feathers are said to have made birds 
what they are, the warmest-blooded creatures in existence, 
whence it follows that the farther they have traveled (with- 
out later recession) from their primitive ancestry, the more 
elevated have become their body temperatures. It seems to 
me that weight of evidence supports Sutherland’s hypoth- 
esis, and for the purposes of this discussion it is held to be 
true. 

Now, if one holds that birds’ temperatures are more 
and more elevated as the species is higher and higher in its 
phylogeny, one may ask, does this condition have any influ- 
ence on the length of incubation? It must here be remem- 
bered that it is possible that “swiftness of life” may embrace 
the embryonic period of birds as it seems to with mammals, 
and that the specific temperature and the incubation length 
are co-ordinate, assuming this to be true for the moment 


*Since the above was written I have learned that Buchanan (174) 
has determined the heart rate in several bird species, using the electro- 
eardiagram method for its detection. His results are almost incredible, 
and show most strikingly the wonderful metabolic activity of birds, 
especially the small species; Buchanan gives the heart rates as follows: 
Gold-finch 900 to 925 per minute, green-finch 700 to 848, sparrow 745 to 
850, pigeon 141 to 225, hen 304 to 345. 
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on hypothetical grounds alone. Thus, this relation of metab- 
olic intensity, size, and length of incubation may account 
for the loose relation known to exist between a bird’s size 
and its incubation length, a relation admitted in the discus- 
sion on that theory. It seems to me that there is direct 
experimental evidence of the effect of differing temperatures 
on the incubation length; it has been shown that an optimum 
temperature is the most important of the three factors 
necessary to successful incubation, and that this optimum 
emanates from the incubating parent, and that with hens’ 
eggs, their usual minimum duration of incubation can be 
shortened a few hours by carefully raising the temperature 
of the incubator a little above the usual optimum, which 
is identical under the hen and in incubator practice. 

Until evidence is forthcoming to show that these two 
conditions do not apply to all other birds’ eggs, it seems 
tenable to believe that as birds have slowly risen in evolu- 
tionary height, their temperatures have also been corre- 
spondingly elevated, and that these increasingly higher tem- 
peratures have gradually shortened the periods of incu- 
bation. What occurs with a hen’s egg during one incubation 
period through a slight elevation of ‘the incubator tempera- 
ture, has taken place i in lesser degrees, in nature, for count- 
less bird generations; each increment of temperature eleva- 
tion, however slight, added by each succeeding ascending 
generation, has cor respondingly influenced the length of in- 
cubation, always resulting in some shortening. This process 
has been, probably, exceedingly slow, consuming ages in 
accumulating a patent change, both in the body temperature 
and in the incubation period yet, in the end, as we see it 
today, it has swept on with striking results, the Passeres 
having forged ahead, through their very high temperatures, 
to a fourteen- day period, while the ostrich “and other birds 
with low temperatures are marooned at forty-two (or more) 
days. From the foregoing it seems, to me, impossible to 
escape the conviction that the true length of incubation ts 
fixed or determined by the temperature of the incubating 
parent, long with low temperatures, and brief with high 
temperatures. Inasmuch as there is a goodly amount ‘of 
support to Sutherland’s law of low temperatures with 
“low” birds and higher temperatures with “high” birds, I 
would tentatively enunciate the idea that the true length of 
incubation is determined by the bird’s position in the avian 
scale of life, basing this hypothetical law on the assumed 
relation of temperature elevation to incubation length, and 
of temperature elevation to the species’ position in avian 
taxonomy. 

If the various data collected together in this study are 
now to be examined and interpreted from the viewpoints 
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just enunciated, it becomes necessary to arrange the species 
affected, according to some reasonably acceptable classifica- 
tion. It was with hesitation that I approached this question 
of classification, and when the data finally had to be classi- 
fied, I wrote to several of my professional ornithological 
friends, requesting their opinion as to the best present avian 
classification. All, as a unit, expressed themselves virtually 
in the words of one who said, “There is no best classifica- 
tion,’ saying further that the arrangement of avian tax- 
onomy as given by Gadow, and slightly modified by Knowl- 
ton (10), was as good as any, which is the one followed in 
listing the incubation periods, and in the secondary tables 
and lists given in this study. 


In speaking of a species “lowness” or “highness,” I do 
not overlook the many difficulties attendant upon a deter- 
mination of these levels. What I really would like to know, 
viewing the question from the standpoint of this discussion, 
is how far has a given species traveled from its proto-avian 
ancestors, and not how much has it specialized. No linear 
classification can show this, however perfect our knowledge 
may be, nor can it exhibit the true positions of species in 
one family in any given order as levelled with species in a 
family in another order, nor yet can it give an adequate idea 
of the relation of species of different families in the same 
order. Many inconsistencies and contradictions appearing 
under the present explanation of what controls the true 
length of incubation are possibly due, not only to lacune in 
our knowledge, and to errors in the records of incubation 
lengths, but also to the shortcomings of a linear classifica- 
tion. In other words, incorrect taxonomy, and the inability 
to properly depict the relation of species in one order to 
those in another, result in what appear to be severe disloca- 
tions of incubation lengths from positions one would assign 
to them under the present explanation. 


Within natural groups (or families), the incubation 
lengths should be more or less characteristic because the 
members of such groups have diverged but little, inter se, 
and being less plastic than many other characters, the incu- 
bation length, under these circumstances, would diverge 
still less, resulting in a condition substantiating Evans’ (2) 
first conclusion, to-wit, that natural groups (or families) 
have incubation periods more or less characteristic to such 
groups, a conclusion borne out by the incubation length data 
given in Table No. 1; the gradations in some families be- 
tween the accepted taxonomic positions assigned to the spe- 
cies correspond surprisingly closely with the variations of 
incubation length of the same species, especially if in such 
families the largest species are ranked as lowest. If all 
families be so arranged, the undulating curve of incubation 
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lengths becomes still more striking in its trend upward as 
the : species also trend upward. 


Despite the difficulties inherent in a linear classification, 
and the errors and conflicts in the incubation records, these 
records show clearly that the incubation period becomes 
shorter as the species mount the avian tree; it is possible that 
a rearrangement of the species according to some other clas- 
sification might alter the curves radically and make other 
interpretations necessary; it is equally possible that a re- 
arrangement might strongly fortify the present conclusions. 
Time and space “forbid try ing other classifications or com- 
binations. It is obvious that the list of incubation periods 
shows also that birds, in general, grow smaller as one follows 
their life scale upwards, a fact which accords with the sug- 
gestions as to “swiftness of life,” size, and temperature. 
One must not overlook the possibility that the character of 
“swiftness of life” embraces the embryonic period (incuba- 
tion) of life with birds, as it seems to do with the embryonic 
period (gestation) of mammals. 


There is much to sustain the belief that the intensity of 
metabolism and the speed of embryonic development are 
correlated (155), but the details of this evidence cannot, 
however, be given here. That size and temperature are more 
or less correlated both with mammals and birds is unmis- 
takable; that size, temperature, and taxonomic standing are 
all parallel is not so evident, yet it looks as though the 
lower birds are the larger ones, and that the tendency to 
become smaller and to have shorter incubation periods, as the 
avian tree expands upward, is fairly obvious. ‘There is some 
geologic evidence pointing to the probability that ancient 
birds were generally larger, a fact well brought out by the 
large size of birds recently found in the California asphalt 
deposits; however, some living birds are small yet “low” in 
degree, 7. e., the kiwi, and some ancient birds were small yet 
close to the reptile i in some ways, the ichthyonis, for example. 
This question of “lowness” or “highness” in birds, in the 
present discussion, is a question of how far has a given 
species journeyed away from its proto-avian stem, since it 
seems probable that the farther a bird is from its primitive 
ancestry, provided it does not later degenerate, the higher 
will be its temperature. I doubt very much that the present 
mainstays of taxonomy can alone measure this space between 
pro-bird and super-bird. I believe that future students of 
avian taxonomy will have to give more consideration, not 
only to embryology, but also to bird physiology, in order to 
correctly locate and plot the mile posts in a bird’s taxonomic 
journey. 

On the other hand, experimental evidence demonstrates 
that the usual length of incubation may be elongated by dif- 
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ferent bird temperature conditions, for it has been shown 
(162) that the eggs of the Egyptian goose hatch under a 
common hen in twenty- eight days, and under a muscovy 
duck in thirty days. One more suggestive contribution to 
the experimental evidence going to support the connection 
between temperature, size, and incubation length can be 
given here: Milne-Edwards (38) proved “that abnormal 
elevation of incubation temperature during the first period 
of incubation tends to diminish® the size of the chick, and 
to produce dwarfs, though shortening the period.” 


If it be assumed that birds have in general grown 
smaller as they evolved upward, the question can be inter- 
polated here (in fact, it can be considered the “acid test” of 
the truth of the assumption), have they benefited by their 
smaller size? It would seem so, since the efflorescence of 
the avian tree is made of the Passeres, practically all of 
which are very small. Perhaps the diminishing size of birds 
steadily accelerated their metabolic speed, which elevated 
the body temperature (or vice versa), and initiated a physi- 
ologic cycle, which is still revolving in ever diminishing 
circles. 

If a rise of temperature in an artificial incubator can 
diminish the size of the chick, and shorten the incubation 
period, is it impossible to have the same thing happen in na- 
ture? Because one cannot see or measure the slight decrease 
in size, following an equally shght elevation of temperature 
in a given species, is it not, however, possible that thousands 
of such shght elevations of temperature, and of such minute 
reductions in size, can be cumulative, and end in results 
which are seen as existing conditions of today. It seems to 
me not only possible, but highly probable. 


For the sake of convenience, I will term the explanation, 
(just elaborated), of factors fixing or controlling the true 
length of incubation “the temperature and ascent theory.” 
A careful search through literature has disclosed but two 
hints that avian “lowness” or “highness” might have some 
effect on the incubation length. Both are more or less in- 
direct, and the first is given in a few words by Fiirbringer 
(102), who apparently “considered this explanation, only to 
reject it by saying, “Thus the number of incubation days, 
which arranges itself more according to the size of the egg 
and bird, than to the relationship boundaries, can be of no 
great tavonomic™ significance,” with which conclusion I can- 
not concur; the second is a suggestion made by Gadow 
(150), who held that the developmental period (embryonic 
plus nest life) stands in direct relation to the degree of “low- 
ness” or “highness” of the bird, and that the “highest” birds 


*Italics by W. H. B. 
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have the shortest incubation periods; so far as I am able to 
grasp Gadow’s words, he correlated this shortness of incuba- 
tion with no definite physiologic process, and spoke of it 
only incidentally in a discussion which related to the ques- 
tion of a bird’s being precocious or altricial. Arrigoni (12) 
comes nearer to the final conclusion enunciated in this dis- 
cussion, when he speaks of the length of the period of incu- 
bation as being related to the vitality (sic) of the bird. I am 
sure many others have grasped this idea, but I have been 
wholly unable to locate any written statements to such effect. 
These, then, are all the hints, direct or indirect, which sug- 
gest a possible relation of a bird’s taxonomic standing to the 
length of its incubation period, that I have been able to dis- 
cover in the ornithological literature at my command. 


The evidence and data which I have been able to collect, 
point to the idea that the true length of incubation yields to 
change exceedingly slowly and with difficulty, much more so 
than characters of more recent acquirement, as color, size, 
etc. It is almost self-evident that the incubation periods of 
birds have been gradually shortened and that they are still 
slowly yielding, as in the past, to the influences outlined in 
the foregoing, and will continue to do so until this process 
of abbreviation becomes detrimental to the species. I am 
firmly convinced that, once a given period becomes short- 
ened, it remains so, becoming longer again only apparently, 
and through such influences only, as slow or temporarily 
suspend the embryonic development, and returns, either 
in the next set of eggs, or with the first set of the next 
generation, to the previous normal, after the w arping influ- 
ence ceases. Once a specie rises in “taxonomy,” and has its 
temperature coincidentally elevated, which shortens its in- 
cubation period, this latter will remain constant under op- 
timum conditions, even though the species later retrogrades 
morphologically. I believe ‘that in this case, the bird re- 
mains physiologically stable, at the previous level, though 
its co-existing morphologic level will have been lowered, and 
that the bird will then have an incubation length which, 
under the present theory, would appear shorter than its 
morphology would predicate. On the contrary, a species 
may “specialize” morphologically, appear as “high,” yet re- 
main at the pristine lower physiologic level, and have, as a 
result, an incubation period longer than one would pre- 
suppose for it, judging from its morphology. 

I am inclined to believe, as a result of this investiga- 
tion alone, that there are physiologic as well as morphologic 
levels to be considered in taxonomy, and that these levels 
may differ in the same individual. I am convinced that there 
is a large and profitable field to be explored, in this question 
of the possible differences in physiologic and morphologic 
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levels of taxonomy. The length of incubation with the 
ostrich, and its temperature, would indicate for this species 
a higher physiologic level, taxonomically, than does its 
anatomy indicate for its morphologic level. It is higher 
physiologically than morphologically. 

Whatever may be the final decision as to the relation of 
a bird’s “lowness” or “highness” to its length of incubation, 
I am convinced that there will be but one conclusion as to 
the correlation of incubation temperature and the length of 
incubation, and that it is highly probably that, ultimately, 
the last word on this question will have to be said through 
determination of temperatures taken between the eggs and 
under the incubating parent (real or foster). 


Collateral Evidence 


Perhaps some additional hght can be thrown on the 
theory in hand, through a review of the incubation condi- 
tions which prevail amongst birds’ nearest relatives, the rep- 
tiles, and by a scrutiny of the effects of temperature on eggs 
other than those of birds and reptiles. H. Milne-Edwards 
(38) states that the period of incubation of silk-worm eggs 
can be prolonged to fifty days if subjected to low tempera- 
tures, that they hatch in thirty-four or thirty-six days if 
kept at a temperature of from 77° to 86° F., and in sixteen 
to eighteen days if they are paternal; in a temperature of 
86° to 95° F. Though it is true that these eggs belong to a 
creature in a class “widely separated, and very divergent 
from the Class Aves, it is still quite suggestive that with 
them is found a high grade of elasticity in the length of in- 
cubation, which is governed by variations in the temperature 
conditions; this is mentioned to illustrate how potent an in- 
fluence variations in temperature can have on embryonic 
development. The close relationship between reptiles and 
birds warrants a careful examination of the facts touching 
on incubation of reptile eggs; it is highly possible that the 
incubation of such eggs is subject to the same variety of 
control as those of birds, and that the same “temperature 
and ascent” theory apples as well to reptiles’, as to birds’ 
eggs. In line with this thought one may recall that the 
evolution of “parental care’ > shows a series of steps from 
low to high, broken it must be said, however, by striking 
exceptions; the evolution of parental care is well seen in 
reptiles and birds, taken as a whole, and has been said (155) 
to be associated “with the need of higher temperatures for 
development.” 

Reptile eggs, in all probability, have a normal minimum 
duration of incubation, which may be peculiar to each genus, 
i. €., a Specific incubation length; such eggs withstand suc- 
cessfully a much longer and some a far more severe chilling 
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spell than do those of birds, and they may bear, relatively 
higher temperatures, 2. e., the tuatara lizard’s eggs 77° F. 
(126) ; they probably remain viable for far longer cone 
their embryonic development persistently progresses at much 
lower temperatures than does that of birds, and one would 
predict, on these grounds, an exceedingly variable and elastic 
apparent length of incubation, which is borne out by the 
facts in the case. No reptile incubates its eggs, unless the 
devoted care given by the female python to its eggs can be 
so classed; this may, however, be a true but primitive kind 
of incubation, a real beginning in the scale of incubation 
habits, since it has been shown that a python’s body tempera- 
ture rises 10° F., above the surrounding air while covering 
its eggs, and Heilmann (118) says the temperature of a 
“quiet incubating snake” is about 50° to 53.6° F. If ane 
eges respond to ‘the same controlling influences as do those 
of birds, it is possible that data on reptile incubation will 
disclose such correlation; I have discovered a few facts, 
which, while not nearly as numerous as might be desired, are 
nevertheless quite suggestive. If I read aright, it appears 
that the most primitive of all living reptiles 1s Sphenodon 
punctatus, and on grounds qline in this discussion, its 
incubation period should be the longest of all living reptiles, 
and it is, lasting from twelve to thirteen months, reckoning 
from laying to hatching. It is necessary to recall, that about 
five months of this period, extend over the New Zealand 
winter, and that during this time the embryo ceases to de- 
velop, and hibernates in ovo, as it were, until the environ- 
mental conditions again become such that it can survive 
when hatched.” 

The next longest period of incubation amongst reptiles 
is that of the European tortoise (Emys orbicularis) which is 
probably a higher reptile than Sphenodon, though it is 
placed in an order ranked below that of the Sphenodon ; in 
southern Europe the eggs of this tortoise hatch in five to 
six months, while in northern Russia (120), they require 
eleven months; a large part of this eleven months is the 
season of Russian winter, and during its intense cold, the 
developing tortoise embryo is in a condition of suspended 
animation yet, deducting this time from the whole period 
of incubation, the actual dev elopmental period is still next 
to the longest amongst reptiles. Then comes the alligator, 
and in this instance one is on secure ground in having a 


*It is possible that this reptile, which has persisted almost un- 
changed since the Lower Permian, survived because it was able to 
adjust, so to speak, its incubation to comparatively low temperatures, 
which may have supervened in the course of geologic changes, and which 
exterminated the then existing host of its huge contemporaries (dino- 
saurs, etc.), whose probable long incubation periods required an equally 
long period of relatively high temperatures. 
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record which has been checked frequently by eggs placed in 
an artificial incubator, where they require sixty days to 
hatch. The measuring of the true length of incubation 
amongst other reptiles becomes more and more perplexing 
as one takes up the succeeding ascending orders. It is ex- 
ceedingly difficult to decide what is the true length of incu- 
bation with many snakes and lizards because of the ease 
with which the embryonic development of these animals 
can be slowed down, or temporarily suspended, and because 
of the high probability that the same reptile species may 
exhibit all gradations between complete oviparity and ovovi- 
parity, gradations which can cause a difference of days or 
even weeks in the apparent length of incubation in the same 
species. This possibility also is mentioned. here because it 
‘is probable that oviparity and ovoviparity are interchang- 
able according to environment, in certain other species. 

This causes a wide variation in the records of incubation 
lengths of reptiles, and adds to the difficulty of reaching con- 
clusions on the point now in mind, yet in spite of this and the 
paucity of records, it seems to me that reptiles also exhibit a 
tendency to shorter incubation periods as the species is 
higher in its scale of life, which tendency seems to show in 
the data given in Table No. 7. 


TABLE NO. 7 
Incubation Periods of Reptiles 
Period Authority 


nce, 2y (ON Bic OS ae, APA ae ee eee 814 weeks 119 
orserheddl Murtles: cates seco. 4k: 814 weeks 119 
Huropean ‘Tortoise. 2.5.0: 2.62 i... 20 to 44 weeks 120 
“DUET IE Heep] 72 fo Fe cha eure Ye aa 52 weeks 121 
W@W rocoutler ess SoS ee OG Na oe wiles 12 weeks 120 
mdhigator (im iMeubabOr):. ...46.. oleh we 4 814 weeks 122 
Ranimong Swit. a. eek. hae: 6 to 8 weeks 123 
Pyimom retreats: . 22 03 een ss 6 to 8 weeks 125 
Ry choummoluruse 4/5054)... A208 10 weeks 120 
J EERE] SVAN Coa ae Re 814 weeks 123 
HOxeomacer eA 2. oP inal ots 7 3/7 to 8 6/7 weeks 123 
Gicak ome! A Walt else cg 2 sew eh ss 6 to 8 weeks 123 
Mellow aib-smakere. 516k he is de aloes ds 11 weeks 1238 
Pinon MARG ie Catia a eT. oss 5 6/7 weeks 123 
Mul Smee eat Reyes Se ees. 8 1/7 weeks 123 
Hanegonakbent sccm y . He ls 4. 6 to 8 weeks 123 
CorabiSmallke F442 alo ea. 8 2/7 to 8 4/7 weeks 123 


If reptile eggs vary in incubation lengths according to the 
applied temperatures, it is proper to ask if there be any evi- 
dence in the temperature of reptiles, showing trends similar 
to those in birds; reptiles are said to be “cold-blooded,” but 
it can be shown that this term is only relative. The average 
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temperature of reptiles with weak respiration is 1.8° to 5.4° 
F. above the circumambient medium, and for others the fol- 
lowing degrees have been given: 


Temperature Authority 
Wruntles at yave ae aenee 33.6° F. 38 
Chameleon.) ee...e 1.8° F. (above air) 38 
Iizards 2255)5)- 1.3° to 14.6° F. (above air) 38 
Waperc’s ure ote: 4° to 11.3° F. (above air) 38 
Boa (incubating) .....10.8° F. (above air) 38 
Snake (incubating) 0010" to 536° FF: 118 
Wa peries tte de cseeek ee 68.0° F. (air beme 58.0° Hh) > 56 
Pythonhcisee a enc eee 6.0" EF. (air being 60:07 2) 56 
A ie a6 CoN Nese aaron Sa 84.0° F. (air being 79.0° F.) 156 


The fact that the male boa, which does not incubate, 
has a lower temperature than the female (156) is worth 
noting. 

There is shown in the figures just given (see Table 
No. 7) enough tendency for the temperatures to rise as the 
species gets “higher” in its life scale to give color to the pos- 
sibility that with reptiles, as with birds, the temperatures 
and the species become elevated concomitantly. From the 

“swiftness of life” point of view, it is interesting, and per- 
haps important, to note that the quiet, sluggish reptiles have 
lower temperatures than do the active ones. 

A relationship between reptiles and birds, should, and 
does, leave in both, traces of a common ancestry; can one 
find indications of this in the incubation periods of birds? 
If the length of incubation in birds be, as I am convinced it 
it, a deep-rooted, inelastic and inherited characteristic, it 
should exhibit some proto-reptile or some proto-reptile-bird 
peculiarity or peculiarities; the data show, both with birds 
and reptiles a decided tendency to arrange themselves in 
groups of periods having a septenate multiple, z. e., 14, 21, 
28, 42 and 56 days. This septenate tendency has been ex- 
plained on the hypothesis that it is an inheritance from 
ancestors which were aquatic,‘and subject to, and probably 
modified by, maximal tides every twenty-eight days. If this 
be true, it would bespeak an amazing tenacity in the persist- 
ence in birds, of this very ancient character. It may not, 
however, be a correct explanation, because the same sep- 
tenate or monthly spacings are to be found attached to the 
functions of mammals, @. e., gestation and rut. It does not 
seem possible that such an old influence should have left an 
impress which is visible in a stem so far removed from the 
main trunk as is that of the mammal branch. 


Taxonomy, the “Ascent Theory” and the Data 


I know full well that real and apparent inconsistencies 
and conflicts will be found in the correlation of these three, 
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when the present data are viewed from several different 
points. Some come promptly to mind; according to modern 
taxonomists, the megapodes are near relatives of the do- 
mestic hen, and they should have, by this token, a length of 
incubation somewhat similar to that of the hen, yet it is in 
reality much longer, and far longer than one would predict, 
from my point of view, with birds of the comparatively high 
standing of the megapodes. Hence their incubation length 
does not seem to fit in with this “ascent theory ;” how it fits 
in with the temperature side of the present explanation I do 
not know, as I have no temperature records of these queer 
birds. What are the possibilities in the premise? These 
birds may upset the whole argument, or they may be one of 
a few exceptions, or there are two other possibilities. It has 
been maintained in this discussion that the true length of 
incubation is fixed by the parent’s temperature as applied to 
the eggs; thus this method of fixing cannot apply to the 
megapodes because their eggs are hatched, not by heat sup- 
plied by the parent bird, but by that arising in the decaying 
mound, its temperature being given as 95.0 to 96.0 F. (131), 
which are the lowest successful incubation temperatures, for 
birds’ eggs, known to me. It might be assumed, in the first 
place, that the mound incubation habit is very ancient, dat- 
ing from the time when the megapodial ancestors were much 
less removed from the pro-bird than at present, and that 
the ancestral species had at that time, a comparatively low 
temperature, approximating that of the present incubation 
mound. If the mound building habit arose at that time, 
and continued to the present, it would explain the inappro- 
priately long incubation because, on this last assumption, it 
has not varied during all the past ages, notwithstanding that 
in the interim there have been great change and variation 
in the morphology of the group. The eggs have, during all 
this time, been hatched: by a temperature which has varied 
little, if at all, resulting in an unchanging incubation length. 
On the contrary, it is possible that this mound incubation 
habit is of recent origin, and that the present recorded meg- 
apod length of incubation is an apparent one only, being the 
true length plus X days of slowing down of embryonic de- 
velopment caused by the low temperature of the mound; it 
is difficult to picture just how, under this suggestion, the 
eggs successfully became adapted to such abnormal pro- 
longation of incubation. This might be tested experiment- 
ally by subjecting megapode eggs to varying temperatures 
in artificial incubators; it also would give an addéd light if 
one knew what is the true length of incubation of the genus 
Maleo, since eggs of this genus are said to be incubated, not 
in mounds, but by the sun’s heat or by hot springs. The 
case of the megapodes falls without the confines of my 
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present theory, as regards taxonomic standing, but within 
the control of the temperature explanation. The incubation 
length of the flicker, not a very high, or a small bird, is 
given as eleven to twelve days, which seems unduly brief in 
the light of this study. This short period (éf é¢ és correctly 
estimated ) may be due to temperature conditions, since this 
species nests in tree holes, where there is little heat loss, 
and lays a large complement of eggs, which, as they develop, 
would tend to higher and higher temperatures as the em- 
bryos grow. With other hole- nesting species laying few 
eggs, this latter effect is not present, an absence which may 
help to account for longer incubations with these species. 


What has happened in the case of parasitic cowbirds 
and cuckoos since their eggs are incubated by foster parents? 
An answer to this problem will only be had when the tem- 
peratures of the parasitic birds and of their dupes are 
known, as well as the temperatures of such cuckoos and 
cowbirds given to autogenous incubating. It is not too late 
to learn the last, as there are still some of the species of 
these genera which incubate their own eggs. In the devel- 
opment of this parasitic habit, it undoubtedly was at first a 
“hit or miss” arrangement; if the parasitic eggs were given 
too high heating by the foster parents, their embryos died, 
and the reverse could also be true, though an incubating tem- 
perature shghtly below the optimum might result in a suc: 
cessful, but prolonged, incubation. Such a “hit or miss” 
method, after repeated trials through a long stretch of time, 
together with a possible tendency of the female cowbird to 
returt n, when mature, to a nest similar to that in which it was 
raised, would eventuate in a variety of selection, which 
would secure a large percentage of successful incubations. 
The cuckoo is said ( (110) to lay eggs which are, proportion- 
ately to itself, the smallest of all birds’ eggs; has this arisen 
because of the possibly higher temperatures of the foster 
parents? 

What happens when a quail’s egg is hatched by a ban- 
tam hen, or what would happen if a magpie’s eggs were 
placed under a bantam? 

It seems difficult to reconcile a mourning dove’s incu- 
bation period, which is said to be fourteen days, with that 
of the robin’s of equal length, because taxonomists are 
agreed that the latter is a much higher bird; perhaps both 
of these species have traveled, physiologically, equally far 
from the pro-avis ancestor, but along quite divergent roads. 
The ostrich is regarded, by most classifiers, as lower than the 
emu, yet its incubation period is not as long as that of the 
latter. This example may not be a real conflict with the 
present “ascent theory,” but the lack of concord may be due 
to an error in taxonomy, because at least one ornithologist 
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(120) believes that the emu is a lower and a more primitive 
bird than the ostrich, and his classification is supported by 
the position taken in this paper, 7. ¢., that the longer is the 
incubation period, the lower is the bird. The secretary bird 
is believed to be a primitive survival, not greatly changed, 
from its pro-hawk-heron ancestor; if this be correct, a long 
incubation period would be predicted, viewed from the 

“ascent theory,” a period as long, or longer, than all of its 
near relatives, and such is the case (barring one or two 
questionable exceptions). These and similar questions must 
be decided by experimental work; they are but a few of the 
many fascinating ones uncovered by a study of the length of 
incubation. 

It is possible that many conflicts, and inconsistencies in 
this new theory, will be cleared up when the present incuba- 
tion records are checked and corrected by new observations, 
undertaken to eliminate, or allow for, the conditions which 
apparently increase or decrease the trwe length of incubation, 
and when a method of recording avian classification will 
have been devised which does not project the vision of the 
mind’s eye along a single line, and which will graphically 
portray the relation of genera to genera, irrespective of fam- 
ily, or order. Perhaps such a three-dimension demonstration 
scheme is impossible of attainment. 


The chances of any given explanation being correct are 
larger if the results it “foreshadows can be shown to be 
beneficial ; if the bird’s taxonomic position, temperature, size, 
and length of incubation be correlated, it is pertinent to ask, 
has the combination been beneficial to the race? It would 
seem so, judging from actual experience in nature, since so 
large a number of existing species are of the highest levels, 
have diminished in size, have acquired short incubation 
periods, have developed high temperatures and have con- 
comitantly flourished and multiplied. Do short incubation 
periods prove helpful to the species? Is there any advantage 
to the robin that it gets its young out of the nest and able, 
more or less, to shift for themselves i in four weeks from the 
laying of the eggs, while a goose, a turkey, or a red-tail 
hawk, in the same time is able to complete only the em- 
bryonic development of its young, and has still ahead of it, 
the long post-embryonic period of development, and all 
the care incidental to it, plus such post-nidicular time, during 
which it must give more or less care to its young? Is there 
any benefit to a species to be able to put two broods of young 
into the field, while another species can, in the same time, put 
but one? It seems to me that these questions can be an- 
swered only in the affirmative. If it be true that the number 
of eggs laid in a set is in direct ratio to the dangers en- 
countered by the species (110), it also would seem reasonable 
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to believe that a species would be better able to successfully 
maintain its status in the face of its daily dangers, through 
the increased prolificity made possible by the short incuba- 
tion period permitting more, and perhaps equally large 
broods to mature during the breeding season; this is but 
another way of making ‘the eggs proportionate to the dan- 
gers meeting the species in its daily life, and may be looked 
upon as a result of the higher birds having high temper- 
atures. 

More broods each season inflict greater responsibility 
and labor on the parents; this affects but two, while the 
greater multiplication of individuals certainly more than 
counterbalances this. As said above, Gadow holds that the 
shortened incubation period, and its correlated long nest 
period (?) reflects benefits on both parents and young; I 
believe it does help the young, but as to the parents, I am 
inclined to feel that for them, the beneficial effects are ne- 
gated by the disadvantage of more labor, wear and tear, etc. 
In all other creatures, the parent is so universally disre- 
garded, so to speak, for the good of the young, that I am 
skeptical as to there being an exception with birds. The 
question also arises of two species, which young are better 
able to fend for themselves at the end of a given time, view- 
ing the question from the standpoint of the possible bene- 
ficial or injurious effects of a’short or a long incubation 
period, those hatched after a short or those after a long in- 
cubation? Two months after hatching are young robins, or 
young quail, better able to shift for themselves, and to meet 
and overcome the perils of their daily hfe? It seems to me 
that the advantage lies with the higher bird, because of its 
shorter incubation period, which supports the belief that the 
diminishing lengths of incubation delivers benefit to the 
species. It is self-evident that such a continual shortening 
of the incubation period as I have assumed to have been in 
progress in the past, and which is probably still going on, 
may have for a given species adventages and disadvantages 
which cannot now be clearly apprehended since some may 
be disappearing and others only just coming into effect. 

If my contention be correct, that the trve length of in- 
cubation is a fixed and persistently inherited characteristic, 
and determined by the bird’s temperature, and its position 
in its scale of life, it then becomes possible that this char- 
acteristic will be useful as an aid in allocating the correct 
taxonomic position of a species, taking a place (perhaps a 
very minor one) with anatomy, embryology, splanchnology, 
ptilosis, ete.; it seems to me that there are larger possibilities 
for usefulness in these directions for this character, than 
there are for such an unmeasurable and indeterminate char- 
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acter as the nervous system, which last has been used to place 
the Corvide at the apex of the avian tree. If this “tempera- 
ture and ascent theory” of the control of the length of in- 
cubation, with birds, be correct, it will, at least, bring about a 
semblance of order where before more or less confusion pre- 
vailed ; if it be fallacious, and untenable, then I can at least 
hope that this discussion may point out the lines of inves- 
tigation along which, in the future, ornithologists will have 
to work in order to solve what in the past has been an 
unanswered riddle. 

Correct or incorrect this discussion may, I hope, draw 
attention to the importance of gathering accurate data on 
the true length of incubation with birds, and its relation 
to their physiology and taxonomy. 


It appears to me that some of the previous explanations 
as to what fixes, determines, or controls the length of avian 
incubation have held more or less of the truth, because they 
concern conditions which are effects of a single underlying 
cause, but I believe that there is no experimental evidence 
whatsoever, that differences in the size of bird, age of fe- 
male, longevity of the parents, condition of the young at 
hatching, the size of the egg, or its shell, or the yolk size, or 
various telluric conditions ever permanently alter the true 
length of incubation; there is abundant experimental evi- 
dence (both accidental and intentional) that variations in 
temperature can prolong the time of incubation, and can 
shorten it to a slight extent, and presumptive evidence that 
this effect of variation in temperature in shortening the 
length of incubation, does in the end bring about the large 
variety of incubation lengths found with birds today. 


Data Needed for Further Study of This Problem 


The prosecution of this study has uncovered a lament- 
able dearth of information in many phases of the questions 
at issue, and in now calling attention to a few of these de- 
plorably incomplete chapters of ornithology. I would remind 
ornithologists that in them they will find openings which 
wil] lead to splendid opportunities for original research in 
almost unexplored and unexploited fields, fields which may 
soon be swept out of existence before the devastating march 
of civilization. Data needed: 

Exact length of incubation period of birds and reptiles, 

Exact length of incubation of birds in polar and tropical 
regions, 

The period of viability of birds’ eggs, 

The weights of birds, preferably of the breeding female, 

The weights of birds’ eggs, 

The effects of superheating on birds’ and reptiles’ eggs, 
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The optimum incubation temperatures of birds’ and rep- 
tiles’ eggs, 

Bird temperatures, 

Temperatures under the incubating bird, 

Reptile temperatures, 

Minutiz of bird physiology. 


Conclusions 


While final judgment and decision must be suspended 
on many, if not all, of the points at issue in this discussion, 
suspended at least until a much larger, and perhaps an en- 
tirely rewritten accumulation of data on all of the above 
questions has been made, I feel justified, at this time, in 
drawing the following tentative conclusions: 


Minor: That 

Our present incubation records include the ¢rwve and the 
apparent lengths, the latter in the majority, probably, 

The ¢rue length of incubation can be shortened (arti- 
ficially) with extreme difficulty, but prolonged with ease, 


The true length of incubation is loosely related to the 
size of the species, and still more loosely to the size of the 


ess, 

There is little or no relation between the ¢rve length of 
incubation and precocity, 

There is no relation between the true length of incuba- 
tion and the longevity of the species, nor between it and the 
body-weight: egg-weight index, 

There is no relation between the true length of incuba- 
tion and the age of the female, or the size of the egg yolk, 


Condition of the parents, faithfulness of the parents 
while incubating, viability of the egg, thickness of the egg 
shell, and influences listed under the head of “Telluric Con- 
ditions,” have no lasting effect on the true length of incu- 
bation; when any of these conditions seem to “modify the 
incubation length, it is merely an action of slowing the 
embryonic development, and causes no permanent change i in 
the length of the incubation period. 


Major: That 
There is a true or specific length of incubation, 
The true or specific length of incubation is a deep-seated, 


inelastic, and persistently unchanging (in human time 
measures) character, 


Bird temperatures are closely related to the taxonomic 
“lowness” or “highness” of the species; 


A bird’s temperature determines, or fixes, the true length 
of its incubation period, and that only an abiding change in 
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the bird’s temperature can permanently alter the true length 
of its incubation period, 
Whence I would suggest the following 


Hypothetical Law, 


That the ¢trwe or specific length of incubation is fixed by 
the “lowness” or “highness” of the species, particularly by 
the physiologic “lowness” or “highness,” both of which are 
fixed by the distance the species has traveled (without re- 
treating) from its proto-avian ancestor. 


TABLE NO. 1 


Incubation Periods* 


Family—Species Period Authority 
Struthionidae 
Struthio Camelus—Ostrich..........36 to 40 days il 
Struthio Camelus—Ostrich.......... 45 to 48 days 9 
> LIE TAZAOS ie tee Ae ato Gime ce ts 9, ea a re 50 to60days 12 
COGAN na Perse Pi te scte racy snehae eee AS ol ohe's i 50to60days 11 
Oeiigichitasi esis ie da) Ne wie ap 42to49 days 10 
(OSL IACI Cae ele alle Rien Ree aoe Ok 4” days 7 
(CUSIHTENG 014s, Bye ee cd eek 49 days 8 
OSarrehe (laimetibator) al. Sse.) ecs 2 42 days 6 
Rheidae 
Rhea Americana—Common Rhea.........35 days i 
Rhea Americana—Nandu................ 39 days 9 
Rhea Americana—Great-billed Rhea........6 weeks 94 
Rhea darwinii—Darwin’s Rhea...... 30 to3ldays 13 
Dromaeidae 
Dromaeus novae-hollandiae—Emu........ 56 days il 
Dromaeus novae-hollandiae—Emu...about 8 weeks 10 
Dromaeus novae-hollandiae—Emu........58 days 9 


Dromaeus novae-hollandiae—Kmu...about 8 weeks 14 
Dromaeus novae-hollandiae—Emu (under 


Ice 0) | eee Gong Oe agi ene oa a mee ee Tweeks 17 
Dromaeus novae-hollandiae—Emu (Under 

MOLE PALeNES 2) Gar S ))s, Mt dh oe Sotaale biidays: “1G 
Dromaeus novae-hollandiae—Emu (Under 

MOLI + PaAreMnEs ae UOMly.. . 4.2.0. 6-6 oe oue'e 63 days 17 
LETT Se an al as CRORES eee 50 days 15 
LENTILS cee 53 6 acre Sri oe POP Pe 58 days 94 
Dromacidae, .... .....-% “the period being 80 days” 16 
nominate yatiec mae i oes se ss 70 to 80 days 25 

Casuariidae 

Casuarius bennetti—New Britain Casso- 

Sees (DU Rayev evo) Ae Mt ee 42 days 1 


*The author is confident that some of the incubation-length records 
included in this list are grossly incorrect, yet they are incorporated in 
the data, with a feeling that they will, in the future, be more accu- 
rately determined, and in that form recorded, and thus be corrected. 


lod 
dd 


Family—Species Period Authority 
Casuarius australis—Cassowary.......... 


Seb reloite ueoha) Ge RERA OR NET NSC “probably 7 weeks or over” 14 
Casuarius galeatus (?)—Cassowary....... 9weeks 1 
CASSOWARIG (sect eu ls ss 25 cin ele eee 52 days 117 
Crypturidae . 

Rhynchotus rufescens—Tinamou......... 21 days if 
Aptervgidae 

Apteryx australis-——Kiwi. 82 soo nse ee 6weeks 1 
Spheniscidae 


Aptenodytes Fosteri—Emperor Penguin 

attains ONE ae eA ee res ee “some 7 or 8 weeks” 20 
Emperor eneuin.. i202. ones eee ae 7 weeks 138 
Aptenodytes Pennanti—King Penguin... 

AD Aa Sierra CORE re Re eat Aki 1 “said to be 7 weeks” 93 


Pygoscelis Adaliae—Adele Penguin...... 37 days 20 
Pygoscelis Adaliae—Adele Penguin..... 

(more ACCURAte)o o...20 oe 34days 20 
Pygoscelis Adaliae—Adele Penguin...... 3ldays 20 
Adelie Penguing 25. seen ee ace 33 to86 days 183 
Johnny. Pen@uim: 22). t cree 33 to 387 days 1384 


Eudyptes Chrysocome—Tufted Penguin 

ws Ste SE Murs Rnne Mleccho cote gee eine reed eae about 6 weeks 14 
Catarrhactes chrysocome—Crested Penguin 

WAGER eee Varennes e's about 6 weeks 1 
Sphenicus demersus—Black-footed Pen- 


GUTTA: 5 1S ash oe kn oe ele OLE ht 56days 94 
Gavidae 
Gavia immer—Loon.............. “about a month” 19 
Gavia. immer—Loont.... ait oe ee eek eee 29 days 3 
Colymbus arcticus—Black-throated Diver.28 days 1 
Podicipedidae 
Western: Greben 20". ates sitac ener ee Qidays 18 
Podicipes nigricollis—Eared Grebe.about 24 days 1 
Podicipes Minor—Little Grebe...... 20 or 21 days 1 
Podicipes Cristatus—Great-crested Grebe 
ee re we AMIE MeCN Sick thes cater 21 to 24 days i 


Podicipes novae-hollandiae—Black- 

throated): Grebe cack oe eee eee ce 93days 17 
Podilymbus podiceps—Pied-bill Grebe... 

PN Py eNOS TL oI. coe at BER SMR rp She 21 (?) days 3 

Diomedeidae 

Diomedea exulans—Wandering Albatross 

Perey DiMhter ie erate hs 3 “about 3 months” 14 
Diomedea melanophrys—Black-eyebrowed 


JADBILPOSS ees oc. ieee Cement 60 days 1 
Diomedea melanophrys—Black-eyebrowed 

Albatross ast ele ed ica a “about 60 days” 14 
‘Parbinares ((2)\} eon ancks ee One eee 35 days 25 


Family—Species Period Authority 


Procellariidae 
Fulmarus glacialis—Fulmar....... “about a month” 
Fulmarus glacialis—Fulmar........ 50 to 60 days 
Puffinus tenuirostris—Short-tailed Petrel 
(iMinbton sind) Viator cise sé casa tale 56 days 


Procellaria pelagica—Storm Petrel. .24 to 25 days 


Procellaria pelagica—Uccello del tempeste 36 days 
Storm Petrel (in incubator).............35 days 
Petrel 
Dive mista ae Pisin tines emeeen gis ete) 2). 2 OO ee Maas 
Phaéthontidae 

Phaéthon americanus—Yellow-billed Trop- 

NEA BULL (Oe Ca peices lee Dee eee a a 28 days 
Yellow-billed Tropic Bird...... (at least) 28 days 


Yellow-billed Tropic Bird (in incubator) .28 days 
Pelecanidae 
Pelecanus erythrorhynchos—White Pelli- 


CEILI a i tee Rte ea SOU 29 to 30 days 
Wide Welicath ote se ee eae ee 29 days 
Pelecanus onocrotalus—Pelikan...... 36 to 38 days 
Pelecanus occidentalis—Brown Pelican. ..28 days 
JEP OUN VE AY ah Raa ea eer mT “said to be 49 days” 
Relicame (op ind coh Sentara stat ocleul SOAs 

Phalacrocoracidae 
Phalacrocorax carbo—Cormorant. ...28 to 29 days 
Phalacrocorax carbo—Kormoran. . ..28 days 
Phalacrocorax pelagicus pelagicus—Pela- 

gic Cormorant (Est. by W.H.B.)...... 26 days 
Phalacrocorax urile—Red-faced Cormo- 

1 CHOI TR ee Sy ge geet es Sy APRES id a 21 days 
Phalacrocorax Sp.?—Cormorant..........28 days 

Sulidae 
Sula piscator—Red-legged Gannet........ 45 days 
Sul AUNGU Gee wae he dee eee 
Sula bassans AMICUS cg bie Linke we ee OO OAS 
Gannet (38 to 44 days).......... usual is 42 days 
Artis ema ty | Ck iS uele aida as’ ah ew sie Oy GLVS 


Sula serrator—Australian Sula 


Se Ee eae “supposed to last only 33 days” 
Cre Maclay huey pea cals deti ds « « “about 33 days” 
Ardeidae 
Botaurus lentiginosus—Bittern........... 28 days 
American Bittern....:.......--- (at least) 4 weeks 


Ixobrychus exilis—Least Bittern......... 

ate ach via: 31 hc ileue) Searetti x £ (estimated) 17 days 
Botaurus stellaris—Bittern............... 93 days 
Ardetta Minuta—Little Bittern...... 16 or 17 days 
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ib 
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Family—Species Period Authority 


Ardea oecidentalis—Great White Heron 


ela ANA Reet eee cha ic /3 erence EE “about 30 days” 1 
Ardea herodias herodias—Great Blue 
Heron 1122 ach Sere 5 oe etree Ceseeeerne 28 days 3 
Great Biliedtbleromee 4.25. eee ee “about 28 days” 41 
Ardea Cinerea—Fishreiher............ 25-28 days 9 
Ardea Cinerea—Heron.............. 25 to 26 days 1 
Herodias garzetta—Seidenreiher......... 23 days 9 
Herodias timoriensis—Keret........about 4 weeks 14 
Herodias timoriensis—White Heron...... 4weeks 42 
Ardea ludoviciana—Louisiana Heron... .21 days i! 
Butorides virescens virescens — Green 
Flerom e285. ett oe eee Ren ere 17 days 3 
Green sEleron: Cai: 2 sneer ene ee about 16days 48 
Nycticorax nycticorax naevius—Black- 
crowned Night) Heron.) >. 202s ae 24 (?%) days 3 
Nycticorax nycticorax—Nachtrether...... 21 days 9 
Circoniidae 
Circonia Alba—White Stork............ 23 days 1 
Circonia circonia—Weisser Storch. ..32 to 38 days 9 
Tbididae 
Ibis Aethiopica—Sacred Ibis...... about 21 days i! 
Ibis molucca—Australische Ibis.......... 24 days 162 
Guana, alba— White: bist. 442s 5 eae 21 days 3 
Guara salba—_Wihite Whisns 5.7 4-555 38 20-23 days 107 
Carphibis spinicollis—Stachelibis......... 92 days 162 
Plegadis falcinellus—Sichler. (Bay Ibis) 
PERS ein Meee ea CR wey Stance ar eens 21-22 days 9 
Plegadis autumnalis—Glossy Ibis......... 21 days 3 
Phoenicopteridae 
Phoenicopterus ruber—Flamingo......... 298days 193 
Phoenicopterus Sp.?—Flamingo. ....30 to 32 days if 
Palamedeidae 
Chauna chavaria — Tschajia (Derbian 
S@hea MEE) or i sce daen boat dene eee 49° days 9 
Anatidae 
Mergus americanus—American Merganser 
Fic ibis gs Re ee ent AG See eae ah ae (at least) 28 days 31 
Mergus americanus—Merganser.......... 28 days 3 
Mergus merganser—Goosander........... 28 days i 
Mergus serrator—Red-breasted Merganser 
cide cok how te ena ate uke dc ea eee ee 96 to 28 days 1 
Red-breasted Merganser (under hen).... 
eS Act oT een et ho al ak “about 4 weeks” 32 
Mergus serrator—Red-breasted Merganser 
cua betel niarh, ste Nomen uate Get Tea ils Cheese ea 26 to 29 days 3 
Mergus cucullatus—Hooded Merganser...31 days 1 
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Family—Species Period Authority 


Mulivos: Tree Duck ie stirs. 366-15 ,008 26-28 days 95 
re aPC aay s eter: Sed cree state aisle She's 6. Fie a8 96-28 days 95 
Dendrocygna Fulva—Gelbe Baumente....32 days 162 
Chenonette jubate ...28-29 days 162 
Casarca casarcs (Qed 6S Le: er 29 days 162 
Anas platyrhynchos—Mallard....... 26 to 28 days 3 
Mallard (varies from 28 to 29)...... O to%8days 95 
Anas boscas—Wald Duck heii... es wee 96 days i| 
NE CCS Care aay ae SAR 4, or 98days 25 
Anas domesticus—Domestie Duck. .27 and 28 days i 
TOE ets el Se ne EES 2 a ae 28 days 8 
JO gels C foliniinl Viahte oe een ke Uae i ee 98days 33 
VOTES) Pig Ae aE ed Be a Se 26 days 34 
Diek= Common. eee ee sss so. ts 94-99 days 9 
Anas Rubripes—Black Duck........... 26-28 days 3 
TEN evolke UVC SW pagers Sete te ea a Beta aR 96-27 days 95 
Anas angusterostris—Marbled Duck. .25 to 27 days 1 
Barbary Duck... 0. -...24....5..-30 days 33 
Gace (rellll VO. Sc e  g oa 98days 95 
Polionetta poecilorhyncha — Flecken- 

SCHUM ADIEMIGG. i. ake cme wae eeye ee cls << about 29 days 162 
Chaulelasmus streperus—Schnatterente. .. 

eltip & babe aad A AE re oO Ree eee 26 days 162 
Anas superciliosa—Australische Wildente 

1 se sR aR UNA Oa 27-28 days 162 
Mareca Penelope—Widgeon......... 94 to 25 days il 
Mareca penelope—Pfeifente........... 22-23 days 162 
Hie Gente WidSCOM. «<a ose gu tig el ss oe days 95 
Querquedula creccs 99 days 1 
Green-wineed Veni oo bis oe 21 to 23 days 95 
ite wiiteme Meal ek ose als... Q1toWdays 95 
Cminaiion) Weatare Beek et ae e 21 to 23days |) 95 
Querquedula cyanoptera—Blaufliigelente. . 

ORO UN a ert a uke ye alae ts au ala woo 26 days 162 
ace cineia—Gargoney Lane 91 or 22 days i 

akente... 

1 of eleel Becton Sng deg OPPO Gn hae oe about 24 days 162 
Spatula clypeata—Shoveller............. 28 days 1 
NOU) N72 Uli 1 ge OR A nA 22to24days 95 
Danhlaaeuta—Pintailiis so... ses 29 or 23 days 1 
Aix Sponsa—Wood Duck............... 25 days 1 
Ahicaroye dO NO)lc: Raise, hee oe ae 98-30 days 95 
Lampronessa sponsa—Brautente......... 31 days 162 
Aix galericulata—Mandarin Duck........ 30 days 95 
Misnndanape Duele 8 vember a sari <.cj< «bie =o 2 28-30 days 1 
We Gipedine parecer te olen peneot ede ks oe dove ev e%ee 28 days 95 
Nyroca ferruginea—White-eyed Duck.... 

AM eet aha! Bes eb a HES etic! Sts :0'0 22 to 23 days 1 
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Family—Species Period Authority 
Nyroca nyroca—Moorente............... 28 days 162 
Fuligula cristata—Tufted Duck... ..22 to 23 days 1 

NR 25 to26 days 162 

Peposacaente. .27to 28 days 162 

a adam 28 days 162 


Metopiana peposaca 
Netta rufine 


Somateria mollissima—Eider Duck....... 28 days il 
Somateria mollissima borealis—Northern 

Get ely eae ee sy ae eee 36 (2?) days 3 
Somateria mollissima borealis—Northern 

B DICG Ces cha ee Pe re PE RS recta keg AIM ihe care 25-26 days 1387 
Somateria dresseri dresseri—American 

Baler? 30) aye tacttas cyte eae eee) eee 25-26 days 187 
Somateria spectabilis—King Eider... ..25-26 days 187 
Cereopsis novae-hollandiae — Cereopsis 

GOOSO M4 kaa che See etme eee ios 35 days 1 
Cereopsis novae-hollandiae — Cereopsis 

GiOOSE ore ec ie ee beaks eee about 30 days 97 
Cereopsis novae-hollandiae—Hiihnergans...30 days 162 
Anser cinereus—Grey-lag Goose.......... 28 days il 
‘Anser domesticus—Domestic Goose...... ..30 days il 
GOOSE He Or ed Es east 2 cet 30 days 8 
Geese hie: alta tle Sete aisc Cnn Ree en ae 30 days 34 
GiOOSE ie RSet etal ye eee ee 30 days 33 
Geese Os Ge Se hn sepa Ne eee 28-29 days 9 
Anser brachyrhynchus—Pink-footed Goose 28 days 1 
Anser arvensis—Acker Gans........... 98-29 days 162 
Chen hyperboreus—Schneegans........ 98-29 days 162 
Branta canadensis canadensis—Canada 

GOOSEi a. AS ieee ee ae ee Pee 28 to 30 days 3 
Bernicla canadensis—Canada Goose. .28 to 29 days 1 
Camada/ Goosen. wate. se nee ee eee 17 days 35 
CansdanGooserg me soci essere anes 28-30 days 97 
Bernicla poliocephala — Ashey-headed 

CGOOSEs habe ie Raed fe ons oe. arctica sucenan 30 days 1 
Bernicla sandvichensis—Sandwich Island 

LOOSE? ice osha ah ale ie ae cee Oe eS 31 days 1 


Chloephaga magellanica—Magellangans.. 
Ba Ere a2) Air 3 ON dant fy Ane ie Aare We 28-29 days 162 


Philacte c mperor (Goose. .-... 24 days 163 
Chenalopex aegyptiaca—Egyptian Goose 

RE ne MOA hs eee ray ea Rs ci 97 to 28 days al 
Alopochen aegypticus—Nilgans, under 

hem: (domreshie) 25. 05s oe oe tne eae 28 days 162 
Alopochen aegypticus—Nilgans, under 

Muscovy Duck 2). 46.042. seeenceee 30 days 16 


2 

Tadorna cornuta—Shelldrake (common) .30 days i 
Tadorna casarca—Ruddy Shelldrake..... 30 days 1 
Pairina moschata—Turkenente........... 35 days 162 
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Family—Species Period Authority 


Olor cygnus—Whooping Swan...... 35 to 40 days 3 
Cygnus musicus—Whooper.............. 35 days 1 
Cygnus olor—Mute Swan................ 35 days 1 
Cygnus olor—Swan................ 35to42 days 36 
Cygnus Melanocoryphus — Schwartzhals 

Schall lar ee eae eee Gis 35 days 162 
Seliwenen(C@ yondtis) tee Ate e ese la.a ss cancun ae 35 days 9 
SMV ailh ceed era RN EN ce fs 35to40 days 25 
Wet Agee coat dees Sts tec, “between 5 and 6 weeks” 25 
SNCs cater des Sr nei terts io) as 2 42 days 8 
Cygnus nigricollis—Black-necked Swan. .35 days il 
Cygnus atratus—Black Swan............ 35 days 1 
Chenopis atrata—Schwartzer Schwann...35 days 162 

Cathartidae 

Sarcorhamphus gryphus—Kondor........ 55 days 9 
Condore (im ieapivaby: eee skies occlaesh So acos 54 days 25 
Sarcorhamphus gryphus Condor......... 54 days 2 
Cathartes Californicus—California Vul- 

RUS MER Nee th ARE) parr be hey PEE Ale 29 to 31 days 1 
Cathartes aura  septentrionalis—Turkey 

VAIMIGUMG) Acs. 5 as ae oii es (“close to”)30 days 192 


Turkey Buzzard (Est. by W.H.B.)..37 (2) days 55 
Cathartes atrata—Black Vulture... .28 to 30 days 35 


Cathartes atrata—Black Vulture.........: 32 days 1 
aie oe Gace 4.2 bs i Nie des sas ak 53 days 44 
Cathartes urubu—Rabengeier............ 40 days 9 
Cathartes uruba—Black Vulture..........30 days 3 


Cathartes uruba—Black Vulture....abouta month 100 


Gypogeranidz 

Serpentarius reptilivorus—Secretary Vul- 

LEONE onan te hk ee ple re ae about 6 weeks 1 

Falconidae 

Eetouuisie MOMLGOMN Je aie aig ose tees e 21to28days 44 
Faleo peregrinus—Peregrine Falcon.18 to 19 days 1 
Falco peregrinus anatum—Duck Hawk. .28 days 3 
Dt herbed anwiles eed coe ch hereto oa Lote 98? days 44 
Falco subbuteo—Hobby................. 21 days 1 
Falco columbarius columbarius—Pigeon 

5 ENT LC ) dieal ide Lael tg cg en a 21? days 3 
Rpt COny pedal emcee Maye ol co lg aary ive sine — days 44 
Tinnunculus alaudarius—Kestrel...... 7-28 days 1! 
Falco — sparverius ee ge 

Mele tiyy letra ores 2 ether ie as seas bs 29 to 30 days 3 
Spa roiedeleh Wilkens feng he ee aa deb ave cs eos 21?days 44 
OP a Onvey Wel Ke ee Eo os fads boo 29-30 days 56 
DO PMEMGwep nla Wie | steers AY csc e about 21 days 35 
JOE TNO ies Odea we ees os ee es 29-30 days 64 
Aidnbon SaGarncara selec 25 ss sss ess 28?days 44 


Family—Species Period Authority 
Buteonidae 


Pernis apivorus—Honey Buzzard........ 21 days il 
Circus hudsonius—Marsh Hawk... .26 to 28 days 3 
Moarshwvitavke neat 7 ee eae “is nearly 4 weeks” 57 
March Tbtarwik te teh (Nt e entities. Mine tee nie 3ldays 48 
IE Mast digg Een py ane Bebsty Seman A ars eh INE Aa dc = Qidays 44 
Circus aeruginosus—Marsh Harrier...... 

bir eae Resi Wendete anti Cees Bee “91 to 24 days group” 1 
Circus eyvameuSarn wn. sce rureme “91 to 24 days group” 1 
Accipiter velox—Sharp-shinned Hawk. ..21 days 3 
Sharp-shimmed daw j. 53sec ce see Q91days 44 
Accipiter cooperi—Cooper’s Hawk....... 24 days 3 
Cooperis: Hawke = fis on Abousiatee ec ee 24days 44 
Accipiter nisus—Sparrow Hawk......... 21 days 1 
American’ Goshawiky soe oe ae 28? days 44 
Blarris elaiwles ont te oe ele Aa ears 98?days 44 
Buteo borealis borealis—Red-tailed Hawk.28 days 3 
Iecd=tanled Ela wiles x fe ahem cee peer 28 days ° 44 
Red-tatled Hawke. ceo) beeen ter eres 32 days 194 
Buteo borealis calurus—Western Red- 

tailed /Elawleis: 2a. Shap oncnenne omer meee eee 28 days 3 
Western Red-tailed Hawk.............. 28? days 44 
Buteo lineatus—Red-shouldered Hawk... 

See eee ae ay Mareen sere atte Masih 97 to 28 days 3 
Red-shouldered Hawk Vic. 5s. au enty 298? days 44 
Red-shouldered Hawk.......... “less than 28 days” 57 
Zone-tailed:Hawheo: cic atéga Sociits nets 28?days 44 
Buteo swainsoni—Swainson’s Hawk. . ..25-28 days 3 
Swainsoms- liam. fi. 0 aver eens 98? days 44 
Swaimsoms, Eligiwike is ecps scy poe about 25 days 58 
Buteo platypterus—Broad-winged Hawk 

Oe RRR e yh ee ree an eet erated pron s- 23-25 days 3 
Broad-winwed Hawi oy) Sos s sees 91-24 days 44 
Buteo vulgaris—Buzzard................ 21 days 1 
Buteo vulgaris—Common Buzzard....... 31 days 2 
Urubitinga  anthracina—Mexican  Gos- 

hawk «(islack- (blak) oie ese ee 94-98 days 3 
Mexican: Goshawl no. so. eee 21-28 days 44 
Archibuteo lagopus — sancti-johannis— 

Rough-leeped (Hawk \ 520. soak 28 days 3 
American Rough-legged Hawk......... 98? days 44 
Archibuteo ferrugineus — Ferruginous 

Rough-leeved Hlawk iiss 4 2 ewe eee 28 days 3 
Ferruginous Rough-legged Hawk....... 98% days 44 
Ferruginous Rough-legged Hawk...about 25 days 59 
Milvus ictinus—Kite......... “91 to 24 days group” 1 
Pandion haliaétus carolinensis—Osprey.27-28 days 3 
Osprey eshte Ae ee a eee 21-28 days 44 


Family—Species Period Authority 


PEGs ter eb NW es aude seers PR chiens va wees ee 28 days 65 
SOC ye oan ee eee ik iy bea: cate 24-28? days 66 
Aquila chrysaétus—Golden Eagle........ 30 days 1 
Aquila chrysaétos—Golden Eagle........ 35 days 3 
CC Leva We OP Ved ear yey le. Ul = ba 2 aa 28 days 44 
Golden Eagle 25-35 days (prob. avg.)....30days 60 
Golden -Bae@le ..:.08oengecas.%-- “at least 82 days” 61 
Grol Cle tia Wiel Org Smee re a. a ben chat 35 days 638 
Golden; iaples sens cee ss. 3s. ero Gams. 68 

1 ia—Spotted Eagle........... 91 days 1 
Aquila imperialis—Imperial Eagle.......35 days il 


Halixetus albicilla—Grey Sea Eagle......30 days 3 
Halieetus albicillis—Gray Sea Fagle..... 

Hes, At Meee See “lasts about a month” 60 
Halizetus leucocephalus—Bald Eagle... .30 days 3 


Paice Leama kd DS eS Bese hi Sv os tn a alee 98 days 44 
Bald Eagle ORO RAASE EME Ss OO de 36 days 57 
Bald Eagle Pa eat BR yi) oe SOSA G aN aie A 
Bald Eagle (in captivity)................31days 99 
Nesaetus fasciatus—Bornelli’s Eagle...... 40 days 1 
Vultur monachus—Monehsgeier..........51 days 9 
Vulture monachus—Kuttengeier..........51 days 162 
Gyps fulvus—Griffon Vulture........... 429 days 176 
Gypaetus barbatus—Avvoltorio degh ag- 

mMelitie (MamimMergeler) <0 2422, 260s ee ook 20 days 12 
Cercaétus gallicus—Short-toed Eagle. .... 

BN AE Ae hie ce ego tae about 28 days 1 

Megapodidae 


Lipoa ocellata—Malles Fowl. .“from 38 to 41 days” 191 
Lipoa ocellata—Mound Bird............ 

Rian weir et akties “takes a little over 5 weeks” 131 
Lipoa ocellata rosinae—Malles Fowl.58to 77 days 142 
Megapodius duperreyi—Scrub Fowl..... 

SONS Ree EER RT I De from 5 to6 weeks 14 
Megapodius duperreyi—Scrub Fowl.about 6 weeks 131 
Catheturus lathami—Bush Turkey...about6 weeks 14 
Catheturus lathami—Bush Turkey...about 6 weeks 131 


Cracidae 
Crax globicera—Globose Currassow 

(Probably tal) b Abe Ain Al ee ea 8-31 days 169 

Crax carunculata—Yarrell’s Hokko....28-29 days 162 
Phasianidae 
Colinus virginianus—Virginian Colin.... 

3) Es MORES, SY Cd AGA eh “toward 4 weeks” 1 
Colinus virginianus—Bobwhite .......... 24 days 3 
Bobwhite Quail lM he a a eres Q4days 44 
HP elnveitpeneers aera thereat ils lion ae 24 days 45 


Family—Species Period Authority 


Bobwhite os: 7 chebss st ta ie eos ee eee 24days 35 
‘Bobwhite? (Quail) eee ee 93 to24days 95 
Phomed <@Quaill’ strc. okies tae see Qidays 44 
Scaled: Quail) Ace otc tener a eee 2idays 44 
Callipepla californica—California Part- 

VEG acces Se ersten cde es alec tc te ear 21 days 1 
Lophortyx californica californica—Cali- 

fornia Qa ets ne Seer ee ee eee 24? days 3 
California -Quanliro. 3:2 ee eee 21-28 days 44 
Lophortyx californica vallicola—Valley 

Qing ee ee en ee eee eet eee 24? days 3 
Valley: Quail.) 55.2 ee en eee ree 98 days 44 
Lophortyx californica gambeli—Gambel’s 

Qiao aks ont cit se ean ee 24 days 3 
Gambel’s Quad iene eee ee 91-24 days 44 
Caccabis rufa—Partridge (Red-Legged) . 

Ree re pen Pee ack ee Wen, ES CIS 3c 23 & 24 days 1 
Caccabis petrosa—Barbary Partridge 19 or 20 days 1 
Partridve(Spe) noes oe eee eee 24days 33 
Perdix perdix—Hungarian Partridge.... 

PAS oe eee rR eye Rik shoei dud wea 21 (to 26%) days 46 
Perdix: perdix—-hephahive soo. eee oe 24days 162 
Perdix Cinerea——Partridge. = 5.2.24. 25 days 1 
Coturnix communis—Quail.............. 91 days it 
Synoecus australis—Brown Quail, under 

enc rie Gee sepa oui tee one eee 14-21days 14 
Coturnix novae-zealandiae—New Zealand 

Creal Oo heeie ata Ss nce. mee eee ernie Qidays 42 
Coturnix novae-zealandiae—New Zealand 

Qian s po." s eee Al ately te ca Te eg see 21 days 1 
Tetrao tetrix—Black Grouse............. 26 days 1 
Tetrao urogallus—Capercailhe........... 26 days 1 
DuskyGrousee ses qo Aachen. 18-24 days 44 
Dendragapus obscurus obscurus—Dusky 

GHOUSe, Tr aic.re ob Lhe ste ee ee 24 days 3 
Dooty Grouseaakins oy eas ee 18-24 days 44 
Dendragapus obscurus fuliginosus—Sooty 

GROUSE: Sy SE eee be tae ae eee 94 days 3 
Canchites canadensis canace — Spruce 

GROUSE. 9 haope oe a ee 17 days 180 
Bonasa umbellus—Ruffed Grouse......... 21 days il 
Bonasa umbellus umbellus—Ruffed Grouse 21 days 3 
Canada ‘RutlediGrouse. 24 ce. een ee eene 17 days 35 
Rusited: Grosetsc anki. Saou eee 94-28 days 44 
Ruled Grouse Wee cg. ok eee ne beers 24days 95 
Bonasa umbellus togata—Canadian Ruffed 

GLOUSE Py Mcrae 4 Stacie 7) Soe eee 21 days 3 
Canada:Grouse \.. 5: 2.5.68be.e eee ee aes 17?days 44 


Family—Species Period Authority 


Wanda, Gromsey io sees sere sl hs 3 94-98% days 44 
Bonasa betulina—Hazel Grouse.......... 21 days 1 
Lagopus lagopus lagopus—Willow Ptar- 

UO OTST ag teed he Wee Ld el ey. See. Sskes al ah 18? days 3 
Lagopus lagopus—Schnee Huhn......... 26 days 9 
Lagopus lagopus—Schnee Huhn......... 26 days 162 
AV Verily odlentranignane Oana, Ae eae to fe ccs wee = 1s abe 17 days 44 
Lagopus rupestris—Rock Ptarmigan. .....24 days 1 
Lagopus scoticus—Red Grouse........... 24 days 1 
Lagopus albus—Willow Ptarmigan....... 24 days 1 
Tympanuchus americanus americanus— 

ragme: @lnicken) v.25 2.4 ce h nes ees sb la cos 21 days 3 
Pita RG miele gets steer ee yee A acs fico ah 91-28 days 44 
Merle Lenee mas east a Becks asi gle a aie & 24days 47 
Cupidonia cupido—Prairie Hen..... 18 or 19 days 1 
Columbian Sharp-tail Grouse............ Qidays 44 
Pediaecetes phasianellus columbianus— 

Columbian Sharp-tail Grouse.......... 21 days 3 
Prpice sharp-tail Grouse... i.2 .. 2. ec Q1idays 44 
Pediaecetes  phasianellus campestris— 

Prairie Sharp-tail Grouse.............. 21 days 3 
Centrocercus urophasianus—Sage Grouse. .22 days 3 
Tetrao urophasianus—Sage Grouse... .21-22 days i 
RS RON CIM a a.ts Worcs acc teie GueteMAeuece el gla ve Beha Qidays 44 
Samed met veers a cutee islet. “about 3 weeks” 48 
Meleagris gallopavo silvestris—Wild Tur- 

IO ago ethers COON ee eee ES 28 days 3 
Meleagris gallopavo—Turkey ......... 26-28 days 1 
Wallace see arlscGuys open es 28 days 44 
Mexacan Wald QP uekey <i 6. ceils. ern ae 28 days 44 
Meleagris gallo- ee ee sees .28 days J 


Meleag 


NEUSE Se aN, Ad Pe 28 days 8 
“DTT S30 eth ee gra ee igh a 28 days 33 
Numida meleagris—Guinea Fowl......... 25 days 1 
Numida meleagris—Guinea Fowl........ 98? days 51 
GUM er es EAA) dace cient ee 25 days 33 
Gianiiermbelteme erce) 4 yes chai So. ee pees asd out 28 days 8 
Ceriornis satyra — Horned Tragopan 

@itouned’ Pliescamtyc...0. cy eseecs be cae 28 days 1 
Ceriornis temmincki—Temminck’s Trago- 

POUR ete ra Aten ee edie dix Kaien ie e 28 days 1 
Lophophornis impeyanus — Himalayan 

IVETE egy ile aie 8 SS Se an 28 days 1 
Crossoptilon mantchuricum—Mantchurian 

@raccopt tony. eek eas et aks 4) « 2! 28 or 30 days 1 


Family—Species Period Authority 
Euplocamus albi-cristatus—White-crested 


Kallesee:d iid: bakes bdees ore tenets tere 26 days 1 
EKuplocamus nycthemerus—Silver Pheas- 
SUG ia AAs a cenit BAS eco NP A 26 days 1 
Euplocamus nycthemerus—Silver Pheas- 
ANG (ALINE VINE Ta) N02 ch a a. eevee 26 days 108 
Euplocamus melanotus — Black-backed 
Risleemer) iuiuets nei. iene etter eens 24 days 1 
Euplocamus Horsfieldi—Purple Kaleege. .24 days il 
Gennadeus, species; Ob. ty. asain eae 94-95 days 97 
Gennaeus mvethemertis: {4.2.90 4204 26 days 162 
Gennaeus limeatis: 22655 44.5 eae eee ane ‘26 davs 162 
Gennaeusmelanowus...4. eee: cere ace 6 days 162 
Gennaeussalbocristatus:.sesaeee ahs see 26 days 162 
Phasianus colehicus—Common Pheasant. .23 days 1 
Phasianus colechicus—English Pheasant 23-24 days 3 
Phasianus mongolieus.) .uevs2 1 oeee ee 24-25 days 162 
Phasianus. vyersicoloriniic vc eee ae 26 days 162 
Rhastamusstonquabus..em ele ease ee ae 26 days 162 
Phasianus principalis—Prince of Wales 
PheaSamttven ht efovet alc ether a nee rere 24 days 108 
Phasianus reevesi—Reeves’s Pheasant... .. 24 days 108 
HOV RMAtCUs FOE WESl wk pina muestra eee 94-95 days 162 
Syrmaticus reevesii—Reeves’s............ 24 days 108 
Pheasanba(sp yeni. eye cane ee ran 25 days Sa 
Pheasant: (S02) ser. och oe aie een arte 24 days 8 
Pheasamitn (SPS!)h i.e saseta es aces eee 23-24 days 25 
Piheasamin (Ss 2) okvc chad ick aN PE eee 94days 50 
Pheasant bine neck, 344). 2405 eon ae 94 days 108 
Syrmaticus wallichi—Cheer Pheasant... ..28 days 1 
Calophasis mikado—Mikado ............. 28 days 68 
Galophasis relnati tc g0. cio. eee 24-95 days 162 
Thaumalea picta—Golden Pheasant... ....22 days il 
Golden Phedsaint 5c. eee ier ete 21days 108 
Chrysolophus pictus—Golden Pheasant.21-22 days 97 
Chrysolophus pictus—Gold Fasan..... 93-24 days 162 
Chrysolophus amherstiae—Lady Amherst 
Wh east: het aise oe ae Ce yak a hen eae 22-293 days 97 
Chrysolophus amherstiae—Amherst Fasan 
SER WE Ie Orta, SOMME Ar AAA aN. 23-24 days 162 
Gallus various—Forked-tail Jungle Fowl..21 days it 
Gallus domesticus—Hen ( Dorking Var \ioe 
sl co hal dans Sm Manni can eis 8 bc tee 20-21 days iL 
1s eta ae Se UMAR NW A, Ctl oe Qidays 33 
Plein oniet eae, Wea ine Sha Waar sca Bese 21 days 8 
Gallus domesticus—Bantam.............. 21 days 1 
Polyplectron chinquis—Peacock Pheasant 21 days S) 
Polyplectron chinquis—Peacock Pheasant 21 days 1 
Argus giganteus—Argus Pheasant....... 24 days 1 
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Family—Species Period Authority 


Argusianus argus—Argus................ 26 days 
Pavo cristatus——Peafowl..20). 0... conse 28 days 
caitonwil! ta Sies au na yer icha nese a < AY sk j».2-28 days 
Caro Wien ne cea te med ume Rl. 5.2.3 «poate 28 days 
Rallidae 
Rallus Crepitans—Clapper Rail.......... 14 days 
Porzana carolina—Sora Rail........... 14? days 
Porzana maruetta—Spotted Crake....... 91 days 
Porzana parvia—Little Crake........ 21-24 days 
Crex pratensis—Corn Crake.......... 91-24 days 
Gallinula chloropus—Moor Hen......... 91 days 
Porphyrio caeruleus—Purple Gallinule.23-25 days 
Ocydromus australis—Weka Ralle.......28 days 
Eulabeornis Ypacha—Ypakaha Ralle....21 days 
Fulica atra—Coot (European).......... 22 days 
Mulicawtrmenricana——Coot.. 2)! 6.65 ose ee 14 days 
Gruidae 

Gris communis— Crane... 06.0... 0cen'e.. 28 days 
Grus japonensis—Mandschurischae Kran- 

iUGIIY | Ee Soeite so. ha ep ge, sac ee 30-31 days 


Grus viridirostris—Mantchurian Crane. .*.30 days 
Grus canadensis—Kanadische Kranich. . .33 days 
Anthropides paradisea—Paradieskranich 

scl s Sea! aan RS AR Rn ER ont a RT 34-35 days 


Anthropides virgo—Jungfernkranich. ....28 days 
Cariamidae 
Cariama Cristata—Seriema ............. 28 days 
Otididae 
Otis Tarda—Great Bustard........ “about 4 weeks” 
Rhinochetidae 
Rhinochetus jubatus—Kagu (in incuba- 
COLES ARG, Rei oe oie Sn en rte ler ores eer eT: 36 days 
Rhinochetus jubatus—Cagon (in captiv- 
USO) E eee 2 Pte 0 skh ay wate el aelube kia: 36 days 
Eurypygidae 
Eurypyga helias—Sun Bittern.......... 27 days 
Charadriidae 
Recurivrostra avocetta—Avocet....... 17-28 days 
Scolopax rusticula—Woodcock........... 20 days 
Philohela minor—Woodcock.......... 90-21 days 
Gallinago major—Great Snipe...... 16 to 18 days 
Gallinago caelestis—Common Snipe...... 20 days 
irnga, alpina—Dunlin)... 2)... .-.e.022 2 22 days 


Totanus hypoleucus—Common Sandpiper 
seals ees Oi 0rd bs Rae Ee ae a 22 days 


Totanus calidris—Redshank......... 14 to 16 days 
Totanus calidris—Redshank............. 23 days 
Totanus calidris—Pettigola.............. 23 days 
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Family—Species Period Authority 


Totanus ochropus—Green Sandpiper.21 to 24 days 1 
Machetes pugnax—Ruff................. 16 days il 
Bartramia longicauda—Bartram’s Sand- 


PIPSR Sy ocee GARR CRS eee eee 17? days 3 
Actitis mascularius—Spotted Sandpiper 


BP a ee), Beene, ea tee Mens rade co 15-16 days 3 
Numenius arquata—Curlew.............. 30 days 1 
Haematopus vulgaris—Lapwing.. ...25 to 26 days f 
Eudromias morinellus—Dotterel..... 18 or 20 days 1 
Zonifer tricolor—Brust-Schild Kubitz....28 days 162 
Charadrius pluvialis—Golden Plover..... 27 days 1 


Aegialitis hiaticula—Ringed Plover...... 
hs Ate oe aera Mic he een ae eee 2° and 23 days 1 
Aegialitis vociferus—Killdeer (about)...26days 149 
Oxyechus vociferus—Killdeer (probably 
DGG O01). & oe cal ence a roeaga be chem nom nee 98days 172 
Haematopus palliatus—Oystercatcher...14? days 3 
Recurvirostra ostralegus—Oystercatcher.. 
Ae ene ese Prone Mien 8 150 23 to 24 days i 
Oedicnemidae 
Oedicnemus scolopax—Stone Curlew 16 or 17 days il 


Laridae 
Stercorarius catarrhactes—Great Skua 


RE otter aaa eR ooo re icine. co ote about 4 weeks = 1 
Megalestris maccormicki—Skua Gull...... 4weeks 20 
Rissa tridactyla—Kittiwake.............. 26 days il 
Larus glaucus—Glaucus Gull............ 28 days il 
Larus Marinus—Mantel Moéwe............26 days 9 
Larus argentatus—Herring Gull......... 26 days 1 
Larus argentatus—Herring Gull... .26 or 27 days 3 
erase (Grulla) hee aide ace onsee one set24days 22 
Herring sGilily tc s athe? so: loek e two sets25 days 22 
Herrimo (Gullit sere oi five sets26days 22 
Herrinoa Gull. es eine atecaan ns four sets27 days 22 
Herring Gull 5 aca. bese three sets28 days 22 


Larus ridibundus—Black-headed Gull... 

Bh Teil Phd: Anda sige Wee Ree Rha eee ee 29 and 23 days i! 
Larus franklini—Franklin’s Gull...18 or 20 days 3 
Eramsin’s (Gulk fe sims 5 eee eee 180r20days 23 
Sterna caspia—Caspian Tern...... about 20 days il 
Sterna Fluviatilis—Common Tern....... 


grind SA eee 1S eeeeemer cy tats eles almost exactly 21 days at 
Sterna Fluviatilis—Common Tern. . .22 & 238 days 1 
Sterna hirundo—Common Tern.......... 21 days 3 
Sterna hirundo—Rondine di Mare..... 91-23 days 12 
Sterna arctica—Arctic Tern........ 15 or 16 days 1 
Sterna dougalli—Roseate Tern........... 21 days 3 
Sterna minuta—Little Tern......... 14 to 16 days 1 
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Family—Species Period Authority 


Sterna fuscata—Sooty Tern........... 26-29 days 3 
Digan Mente cade coe, seen meteatae: ¢ tetas otek agit 26days 24 
Sterna fuliginosa—Sooty Tern...... lsorl6days 14 
Hydrochelidon niger surinamensis—Black 
Gloves se eae Pee eee hs 17to19? days 187 
Hydrochelidon niger—Black Tern. ..15 or 16 days 1 
Noddy? Bert; @e eee cee Sah ues. 2s se Oe oodays: 24 
Anous stolidus—Noddy .............. 35-36 days 3 
Anous stolidus—Noddy Tern.......... 35-36 days 106 
Alcidae 
Fratercula arctica—Puffin...:............36 days 1 
Fratercula  corniculata—Horned Puffin 
GESietbe WV EBay. s cen. kav oo ae 95-382 days 21 
Cepphus grylle—Black Guillemot. ........21 days 3 
Uria grylle—Black Guillemot............ 24 days i! 
Lomvia troile—Guillemot...........380&33 days 1 
Ades torda—trazor-bill 22 )s. Sci access 30 days I 
Pteroclidae 
Pteroclurus alchata—Pin-tailed Sand 
(GPCI a aes eee Rees eee “about 25 days” 1 
Syrrhaptes paradoxus—Pallas’s Sand 
CHADS Rae R$ aera a ane ire rene ee 28 days | 
Columbidae 
Columba fasciata fasciata—Band-tailed 
Rhema ies Saige Beam LN eS 18-20 days 3 
Bandcrated. Pigeon 215.0 upto ase hs oP bee 18-20days 44 
ied-pilled VPi@eone 2. hieces 1. oe soe 18-20 days 44 
Columba livia—Rock Dove.......... 16 to 18 days 1) 
Columba livia—Domestic Dove.......... 14 days 3 
Columba livida—Tauben ............. 17-18 days 9 
PSG II Vets eae an ah eg PO ok ee nO 18 days 8 
POP eOi coe tics si. ia es (almost exactly) 17 days 92 
Columba domestica—Rock Dove. ...‘‘about 2 weeks” 52 
Columba aenas—Stock Dove........ 17 to 18 days i! 
Columba palumbus—Ring Dove.......... 17 days i 
Ectopistes migratorius—Passenger Pigeon 
3) BL Bc ga Ie Ne ee 16 days 1 
Ectopistes migratorius—Passenger Pigeon ' 
GAS = ORE A AR ae ec 14 days 3 
Passe er TO BOM: cpt a cr sis sigs oles a 3 3 18-20 days 44 
Passenger Pigeon... . (“almost to a day”) 14days 53 
Zenaidura macroura carolinensis—Mourn- 
inves 1D Che Se Ue eee ts 12-14 days 3 
Niort MOVE whole ast Jet. wc os dane 13days 92 
Miguimmmnie Dome eration ek sw oc sn 8S 14days 44 
Mommie DOVE. 2 ernest. ne. os. 26% 14days 97 
Melopelia asiatica—White-winged Dove.. 
TT Ar) SBS wee aa tS a sod aud 18 days 3 


Family—Species Period Authority 


White-winged Dove <cscuseaae ance 18days 44 
Turtur risorius—Collared Turtle Dove. ..15 days i 
Turtur risorius—Ring Dove....... about 15 days 92 
Turtur communis—Turtle Dove..... 16 to 17 days 1 
Chaemepelia passerina terrestris—Ground 
IDGNE FSA RS oe eat en see ee 12 days 3 
Ground Dove mic: $s ssaasenaoeraeae eee 14days 44 
Mexican ‘Ground Dover. rase eee 14days 44 
Ocyphaps lophotes—Crested Pigeon. .....14 days 1 
Ocyphaps lophotes—Crested Dove..about 14 days 97 
Caloenas nicobarica—Nicobar Pigeon..... 28 days 1 
Goura coronata—Crowned Pigeon........28 days il 
Crowned Pigeons (Gouridae)............28days 116 
Cuculidae 
Geococcyx californicus—Roadrunner. .....18 days 3 
Cocevzus americanus americanus— Yellow 
billed’ Cuckoo: 2205 e226 Gee ree 14 days 3 
Coccyzus americanus americanus—Yellow- 
billed? (Cuckooc ete cee about 14 days 35 
Coccyzus erythropthalmus — Black-billed 
WUEKOO; Ss suis Gk oe iee Ser eitie Bie) tee eno ene eRe 14 days 3 
Cuculus canorus—Kuckuck............... 11 days 9 
Cuculus canorus—Cuckoo........... 13 to 14 days i 
Cuculus pallidus—Pallid 
GUIGKOG ae ere ey eae about 120r14days 14 
Chalcococcyx lucidus—Broad-billed Bronze 
Wockooe ae. ci eta ie vt hy eas en eae AOE 19%?days 14 
Trichoglossidae 
Trichoglossus novae-hollandiae—Swain- 
son's Momikeet.c.aewee.sat oe See ee 21 days i 
Psittacidae 
Cacatua cristata—Great White-crested 
Wok age. isi oy No es Ae ee ee 21 days 1 
Cacatua goftini—Goffin’s Cockatoo........ 21 days ih 
Cacatua rosicapilla—Roseate 
Cockatoo ss ea ne see eee cree “about 21 days” 1 
Colopsitta novae-hollandiae— 
Cockateely seni A. ara aoe “about 20 days” il 
Licmetis nasica—Long-billed 
Cockatoo, etmek cients ete abeae “about a month” 14 
Licmetis tenuirostris—Slender-billed 
COckstOOr Gan. leat eee ee “about 21 days” il 
Cyanorhamphus novae-zealandiae—New 
Zealand Parrakeet ............ “about 18 days” it 
Ara ararauna—Blue and Yellow 
MEG aIW cs Raine o oc) eee ean aera an: 20-25 days 1 


Family—Species Period Authority 
Melopsittacus undulatus—Warbling Grass 


pera kot ica. eka tae eee ts “about 20 days” 14 
Melopsittacus undulatus—Waved Parra- 

PCE cits Markt et ne Seah AI Re oh ok 16 to 20 days 1 
Neophema (?) venusta—Blue-winged 

raccub aiUa Keel wren cy neers 6 5.2 2 19-22 days 14 
Euphema bourkei—Bourke’s Parra- 

[eGerby ae ate ie rreris 2 hr ei Coe tian “about 17 days” if 
EKuphema Pulchella—Torquoisine Parra- 

IFC) ig Gall A he ome ee ee “about 18 days” 1 
EKuphema splendida—Splendid Grass 

Neg (1 ee7ey SO a Age gen ne a “about 18 days” ik 


Parrots—period of incubation is 
Py Ot eae ee hay stage 6 approximately 21 days 10 
Psephotus haematonotus—Blood-rumped 


JEST 110 RA he ae about 17 days 1 
Lathamus discolor—Swift Parrakeet......21 days 1 
Carolina Parrakeet (in captivity)........ 2idays 98 
Moreen yA! Beep ofan x's Wit ahd o 3 dex a the 16-20 days 162 
NeewVena—A RO coches fia wicks. ee «ov ars 25-30 days 162 

Coraciidae | 
Coracias garrulus—Roller .......... 18 to 20 days 1 
Alcedinidae 
Ceryle aleyon—Belted Kingfisher.........16 days if 
Ceryle aleyon—Belted Kingfisher... ...23-24 days 3 
Alcedo insipida—Kinegfisher ............. 14 days 1 
Halcyon vagans—New Zealand King- 

IRE eta Pea eA tone ations ire heen 17¢%days 42 
Halcyon vagans—New Zealand King- 

IES 0) teed ene ace EM RCRD, | Aa Ae A aon 19 days il 
Halycon sanctus—Sacred King- 

aes RCT Pee ances ean Racetel ec about 17 days 14 

Upupidae 
Upupa epops—Hoopoe .................. 16 days 3 

Strigidae 
Aluco pratincola—Barn Owl.......... 21-24 days 3 
ISM nite tee ee cherish le es + ls ove, 21%days 44 
CMCC ciei sti on savad ot vk ook cis 5 « 3 to 314 weeks 57 
Asio otus—Long-eared Owl.............. 27 days 1 
Asio wilsonianus—Long-eared Owl....... 21 days 3 
American Long-eared Owl.............. Q1%?days 44 
Moma cared syle. ths Ants Aa ss joins “about 3 weeks” 30 
Bone-eared Ow) ia. fee ehh ok. “about 21 days” 35 
Monsceared "Ory pede aad a eas “about 3 weeks” 57 
- Asio flammeus—Short-eared Owl......... 21 days 3 
Dari camed Ong stole cnuerentclee sta cs cisles 91? days 44 


Family—Species Period Authority 
Scleoglaux albifacies—Laughing Owl....25days 42 


BarredtOw!l 22 ote ss trot eee 91-28days 44 
Syrnium aluco—Tawney Owl............ 21 days i! 
Cryptoglaux arcadia arcadia—Saw-whet 

Owl eee oe ee eee ae 21? days 3 
Sawew het sO) wilgeeee ss oe see ee at een Q1?days 44 
Otus asio asio—Screech Owl.......... 21-26 days 3 
Sereechy Owliom sins ws toctebsn eter tere Qidays 44 
Screech <Oiw tee oss came eee eee 25 days 67 
Screech Owl eG ot Spt eile reute eastern Wdays 57 
Macfarland’s Screech Owl............ 21-28? days 44 
Bubo virginianus virginianus—Great-horned 

Owl ses ieee peer: tie Rare oe tere enone 28-30 days 3 
Great-horned Owl........ “probably about 4 weeks” 57 
Gréat-horned Owl. .222-. see oe Q1-28 days 44 
Bubo virginianius pallescens—Western 

HomedtOwl:. 32 secs ee roe ere 28 days 3 
Western Great-horned Owl............. 98¢?days 44 
Bubo virginianius pacificus—Pacific Horned 

Od Gene MN a reeriiets Seat phtiyd ec 28 days 3 
Bubo turcomanus—Turkman Uhu..... .27-33 days 9 
Bubo Ignavus—Eagle Owl.......... 21 to 24 days iL 
Nyctea scandiaca—Snowy Owl........... 32 days il 
Speotyto cunicularia hypogeea—Burrowing 

Qwik cise ey A ice meaner eet oes 91-28 days 3 
Burrowing: Owls shen cetae sate te 21?days 44 
Athene noctua—Little Owl.......... 14 to 16 days 1 
Micropallas whitneyi—Elf Owl.......... 14 days 3 
1b ae © 7) Mie ee mee pence Ree sie ee 14? days 44 

Caprimulgidae 


Antrostomus vociferus—Whip-poor-will.. .17 days 3 
Chordeiles virginianus—Nighthawk.16 to 18 days 3 
Chordeiles virginianus—Nighthawk. “a fortnight” 1 
Caprimulgus europaeus—Nightjar........15 days 1 
Trochilidae 

Trochilus colubris—Ruby-throated Hum- 

jUiV UAV ia GUD 6 Mees ea AER tie MPR PEAS 5. 5's aN 10 days 1 
Trochilus colubris—Ruby-throated Hum- 

WMO UO ieee eee ne aes te es Coasts meted ohare 14days 188 
Trochilus colubris—Ruby-throated Hum- 

THO DUT ox reese Gees it sue Te 14days 65 
Trochilus colubris—Ruby-throated Hum- 

TUG Ned OU 0 Meee te SY PURER, AVE ses PMO e Sens Sct rt 15days 179 
Archilochus colubris—Ruby-throated 

Ehuimiming bind a5-4 ere eee re 14 days 3 
Archilochus alexandri—Black-chinned ; 

Hiummine pind) ..15 hoe reinvest ht ae enor 13 days 3 


Family—Species Period Authority 


Calypte costae—Costa’s Hummingbird... .14 days 

Calypte anna—Anna’s Hummingbird..... 14 days 

Selasphorus rufus—Rufous Hummingbird.12 days 

Florisuga atra—Black Hummingbird. ens 5 12 days 

Hummingbirds Pea aoe erat ee 12-14-18 days 
Micropodidae 

Cypselus apis— Swit... ---- ~~ - 16 or 17 days 


Cypselus melba—AIpine Swift 
entre ig eR are eet oe te “a little over 2 weeks” 


Chetura pelag War WiHtts sce. 18 days 

Chetura pelagica—Chimney Swift....... 19 days 

@hinmineye evita hate ees es vos ars 22 days 
Trogonidae 

Hapaloderma narina—Narina Trogon. ....20 days 
Picidae 


Gecinus viridis—Green Woodpecker..16 to 18 days 
Dendrocopus major—Great Spotted 


Winodpeckerics i251. 55 82.0... J: 14 to 16 days 
Dendrocopus medius—Middle Spotted 

AI CGay 04 OUST LY age Re tS, Seg ee 15 days 
Dendrocorpus minor—Lesser Spotted 

Wiodpeckers 2c sick seis ek fs ssa steed 14 days 
Dryobates villosus villosus—Hairy 

Wier USCIS o 28.02 © pioccte aBiye nore s se aes 14 days 
Dryobates vi j abanis’ 

Vi" C00 GLEE]: C2) Son en enc ar ene naam Pe 15 days 
Dryobates pubescens medianus—Downy 

WN OGclpeeiei oes clave cet Sachs aes cela on5's 12 days 
Dryobates scalaris bairdi—Texas Wood- 

PCC OT ee as hs Bier tptya eee hae et 2% 13 days 
Xenopicus albolarvatus—White-headed 

iooumec er Te ee Pedals a sgele es euge eda ws 14 days 
Picoides americanus americanus—Three- 

POEUN ODUPEC KET ss Ai. Mais cre «ce ols. > shel ise 14 days 
Sphyrapicus varius nuchalis—Red-naped 

SS OSUIGLET? Nag Biccrc eto gee ae ee 14 days 
Sphyrapicus ruber ruber—Red-breasted 

Ror OTC ele | es Wis, Dic ee 12-14 days 
Phlaeotomus pileatus pileatus—Pileated 

Mororeyayecligetc AW SAD o ea a near 18 days 
Picus martius—Great Black Wood- 

| OCLC CES AOE Rel kc, eg e Pe a 16 to 18 days 
Melanerpes erythrocephalus—Red-headed 

Wiowdmecker ees cre ste eensibs ab) s on a 14 days 


Asyndesmus lewisi—Lewis’s Woodpecker..14 days 
Centurus carolinus—Red-bellied Wood- 
PCC GT Ooch ence Perit eee a fica ood ds 14 days 


3 
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Family—Species Period Authority 
Centurus aurifrons—Golden-fronted Wood- 


pecker i. 0d Seheiale: (oe ep ed nem 14 days 3 
Centurus uropygilais—Gila Woodpecker. .14 days 3 
Colaptes auratus luteus—Flicker....... 11-14 days 3 
Hilteker? 20) 38 2) pgnee soso Ocletag mc aeeenen 11-12 days ‘70 
Bilne ey ice nr ener coe a eric aero: “about 16 days” 69 
Tynx torquilla—Wryneck .. 2. 2... 00222. 2: 14 days 1 

Tyrannidae 
Muscivora forficata—Scissor-tailed Fly- 

CHUCHON nus Ra teia.s seer tere e enrcsnueee 12-13 days 3 
Tyrannus tyrannus—Kingbird......... 12-18 days 3 
Kamer)’. eyccte eta. ceo tain ete oe eet: 14days 48 
Tyrannus verticalis—Arkansas King- 

Noes, hE een iel Sh aes pet overran Be 12-13 days 3 


Tyrannus verticalis—Arkansas Kingbird. .14 days 78 
Tyrannus vociferans—Cassin’s King- 


BTtGh) ee Ses ree ie et ie ans oe 12-14 days 3 
Myiarchus crinitus—Crested Fly- 

CAtCWei sc.) esses. ate sana ecie ue eemeoroe 13-15 days 3 
Myiarchus cinerascens cinerascens—Ash- 

throated Hlycatcher 23. ciisgeec see ae 15 days 3 
Sayornis phoebe—Phoebe............. 12-14 days 3 
Phoebe) a ccleaner ohne Bickers rere are 15days 72 
OCDE Wo oa kee 8, ore bee at Bee aac eal 15-16 days 189 
Sayornis sayus—Say’s Phoebe............12 days 3 
Say. Sa haebenyysecec sage eee a ee ie 12? days 48 
Nuttalornis borealis—Olive-sided Fly- 

CAtCHONy use ears aac OV ete ieee eee 14 days 3 
Myiochanes virens—Wood Pewee...... 12-13 days 3 
Empidonax difficilis difficilis—Western 

ly caitehere ces acre cs aks sents Aton gener 12 days 3 
Empidonax trailli traili—Traill’s Fly- 

CALCMEN ele oe Hamre oan So is ne eee 12 days 3 
Empidonax trailli alnorum—Alder Fly- 

@abelienn.5, Geis eter tases Ws oh. aso ceaae een 12 days 3 
Empidonax minimus—Least Flycatcher. ..12 days 3 
east) Milveatchetaic pies, cee ke ceo ee 14days 48 
Empidonax wrighti—Wright’s Fly- 

Gabe Orns de) laced ke vecisteae Ue y tase eee eae 12 days 3 
Pyrocephalus rubinus mexicanus—Ver- 

mr lion: Kilycatehencs 2-1 o26 maura 12 days 3 

Menuridae 
Menura superba—Lyre Bird (“sometimes 

extends overiantnonth”):.).+) Hoochie 38ldays 14 
Tyce: Bed eae ch cae ene “about a month” 25 
Menura victorae—Victoria Lyre Bird 

san teliniel Stale Ven eeD ON ORR ve na “about 5 or 6 weeks” 17 


Menura victoriae—Victoria Lyre Bird...51?days 14 
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Family—Species . Period Authority 
Alaudidae ; 


Otocoris alpestris leucolaema—Horned 

[DEW aS TE OR ae 11-14 days 146 
Alauda arvensis—Sky Lark.............. 14 days 1 
Alauda arvensis—Lodola............. 13-14days 12 
Alauda arvensis—Skylark ............ 13-14 days 2 
Alauda arborea—Wood Lark....... about 15 days 1 
Alanda cristata—Crested Lark 

ARO TEST Ot bide) SORT ALISA “about a fortnight” 1 

Motacillidae 

Motacilla alba—White Wagtail........... 14 days t 
Motacilla alba—Ballerina ............... 14days 12 


Motacilla lugubris—Pied Wagtail......... 13 days 1 

Motacilla lugubris—Pied Wagtail 
TRCN Ml aeasialeie dis fey “middle of the 14th day” 2 
Anthus pratensis—Meadow Pipit...13 and 14 days 1 
1 


Anthus trivialis—Tree Pipit.........:... 13 days 
Pycnonotidae 

Pycnonotus leucotis—Weissorbulbul...... 1lidays 162 
Muscicapidae 


Muscicapa grisola—Spotted Flycatcher. ..13 days i) 
Muscicapa atricapilla—Pied Flycatcher. ..14 days i! 
Rhipidura tricolor—Black and White 


SE LOT ETI [tee aR aR ane ne RAM on a eam 15 days 14 
Rhipidura albiscapa—White-shafted 

Miami ye NG UE oh Po Meh Mecca, o Ja 'ecapti wa ohe 16days 14 
Rhipidura albiscapa—White-shafted 

JENS ah te ASI AAR cer ee ea ee 2days 17 
Melurus superbus—Superb Warbler.about 14 days 17 
Melurus cyaneus—Blue Wren............ 14days 14 
Gerygone albigularis—White-throated 

Hey AVY Un LET. Sec lsat ni '2 ieee ss « “about 12 days” - 17 
Melanodryas petroeca (?)—Hooded 

MESH ee te ani sl oile apuania’ = ovale s05\'s:2 Sse 16-17 days 14 

Turdidae 

Hylocichla mustelina—Wood Thrush..... 14 days 3 
WilemdmemnnGuchini go Sohetc clic. coe. eowekaes 12days 35 
Hylocichla ustulata ustulata—Russet-backed 

TDIITEUISUNS Ve SleRGnP | enn, ieee a eg 14days 14 
Hylocichla ustulata swainsoni—Olive-backed 

SO TESIG VS Ue Oe Aa US ee 10-13 days 3 
Hylocichla guttata pallasi—Hermit 

CONGEST EO G0 Bill ae ae ee 12 days 3 
Laleveneuis angie) Ml ganar ia ees eee 12 days.) 69 
Turdus musicus—Song Thrush........... 15 days 1 
Turdus viscivorus—Missle Thrush........ 15 days 1 
Turdus merula—Blackbird ........ 14 and 15 days 1 
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Family—Species Period Authority 


Turdus merula—Blackbird .............. 15 days 2 
Merula, merula—-Merlo) 2... 5... 15days 12 
Planesticus migratorius migratorius— 

RODIN Aiea ne sae nis Semen 11-14 days 3 
RobinGhastern) 420.058 eee exactly 14 days 90 
RGbrn Peta. cee Se aoe Oe ree 13-14 days 72 
Robins 5 he 2 he eos, 0 Siena ees ieeean ee eee 14days 91 
Robim, (Western i.e bi tioee ame eer: 14days 48 
Rolin Western issn. ste ett eae exactly 14 days 78 
Accentor modularis—Hedge Sparrow..... 14 days 1 
Ruticilla phoenicurus—Redstart.......... 13 days it 
Ruticilla phoenicurus—Redstart ........14th day 2 
Ruticilla phoenicurus—Codirosso......... 14days 12 
Ruticilla titys—Black Redstart........... 13 days 1 
Erithacus rubecula—Redbreast........... 14 days i 
Erithacus rubecula—Pettirosso ........ 13-15 days 12 
Erithacus rubecula—Redbreast ........ 13-14 days 2 
Daulias luscinia—Nightingale....... “a fortnight” 1 
Sialia sialis sialis—Bluebird............. 12 days 3 
Sialia sialis sialis—Bluebird........... 14-15 days 96 

Mimidae 
Mimus polyglottos polyglottos—Mocking- 

bindt,.2 sarees ete ete ene 10 days 3 
Mimus polyglottos—Mocking-bird........ 14 days il 
Dumetella carolinensis—Catbird....... 12-13 days 195 
Catbind 5; 2ciectecedeee eee morethanildays 438 
Toxostoma rufum—Brown Thrasher. ..13-14 days 196 
Brown Phrasheriscs5) ore acer 12?days 80 
Toxostoma curvirostre curvirostre—Curved- 

billed “Whrashers 7a. eet he aiceate 13 days 3 

Cinclidae 

Cinclus aquaticus—Dipper ............... 15 days il 
Troglodytidae 

Thryothorus ludovicianus ludovicianus— 

Carolima: Wrenches tee eee 12 days 3 
Thryothorus ludovicianus miamensis— 


Mlorida Wrene mci t acute ne peor 14 days 3 
Thryomanes bewicki—Bewick’s Wren. .10-15 days 3 
Troglodytes aédon aédon—House Wren 11-13 days 3 

1 
2 


Troglodytes parvulus—Wren...........-- 13 days 
Anorthura troglodytes—Scricciolo........ 10days 1 
Telmatodytes palustris palustris—Long- 
billed) Marsh Witenye 5s. 10-13 days 3 
Chamaeidae 


Wren Tit..15-18days 128 


Chamoea fasciata fasciata 
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Family—Species Period Authority 


Sylviidae 
Acrocephalus palustris—Marsh Warbler.. .13 days 
Acrocephalus turdoides—Great Reed 
NN 6) Cerrar Ee haan aetna ee 14-15 days 
Acrocephalus phragmitis—Sage Warbler. .15 days 
Sylvia curruca—Lesser Whitethroat....12-14 days 


Sylvia cinerea—Whitethroat .......... 11-13 days 
Sylvia atricapilla—Blackeap............. 14 days 
Sylvia hortensis—Garden Warbler........ 15 days 
Sylvia sylvia—Sterpazzola .............. 10 days 
Phylloscopus trochilus—Willow Wren. ...13 days 
Phylloscopus rufus—Chiffchaff .......... 13 days 
Sericornis frontalis—White-browed 
Sermbenwrenies | Geko sce oes ss 5. 9): 21-23? days 
Prinia maculosa—Capocier............... 14 days 
Geobasileus reguloides—Buff-rumped 
Mbbretsniot lye eek Nee cers aie kee = “about 12 days” 
Regulidae 
Regulus cristatus—Goldcrest............. 12 days 
Hirundinidae 
Progne subis subis—Purple Martin... .12¢15 days 
JUVE WOR! eS Sot eat Ct Neier Uy Oona 12-15 days 
Pertocheildon lunifrons lunifrons—Cliff 
STSCI owe gar OO a rene A i 12-14 days 


Hirundo erythrogastra—Barn Swallow. ..11 days 
Mirundo erythrogastra—Barn Swallow. ..13 days 
Hirundo rustica—Swallow............... 15 days 


Hirundo rustica—Swallow 


Dai slee Pe in Rea Ne “second half of the 15th” 
Hirundo rustica—Rondine............... 15 days 
Hirundo neoxena—Welcome Swallow..... 14 days 
Tridoprocne bicolor—Tree Swallow....... 14 days 
Chelidon urbica—Martin................. 13 days 
Cotile riparia—Sand Martin........ 12 or 13 days 


Ampelidae (or Bombycillidae) 
Bombycilla cedrorum—Cedar Wax- 


Sigh Ogee pet Per ences sre cid ice ates e/aeiecs 10-12 days 
Cedar Wax wane cscs ees sins (probably) 14 days 
Bombycilla cedrorum—Cedar Waxwing. .16 days 

Ptilogonatidae 
Phainopepla nitens—Phainopepla........ 16 days 
Artamidae 
Artamus superciliosus—W ood 
IO eee enters ect. 6 tle about 14 days 
Laniidae 
Lanius ludovicianus ludovicianus— 
Roegerhead: Shrike. 23542: ¢222.5245 12-13 days 
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Family—Species Period Authority 


Lanius ludovicianus migrans—Migrant 


Shrike)... sneer os 7h eer cee 13-16 days 
Lanius excubitor—Great Grey 
Shrike) serene s ce eee eam 15 to 16 days 
Lanius minor—Lesser Grey 
Slane ie A ae Us eae ee 15 to 16 days 
Lanius collurio—Red-backed Shrike...... 14 days 
Lanius pomeranus—Woodchat ........... 15 days 
Falcunculus frontatus—Shrike Tit.. ..18-20 days 
Vireonidae 
Vireosylva olivacea—Red-eyed Vireo. . .12-14 days 
Vireo gilvus—Warbling Vireo............ 12 days 
Lanivireo solitarius solitarius—Blue-headed 
NITIOO) Asirac sl mre usteuaet ay ot ens tae Meena aaa ge 10-11 days 
Wihtte-eyed! Vireo io. ee wee ae 72? days 
Wihite-eved (N areon oe cere yah ae 16 days 
Sittidae 


Sitta caesia—Nuthatch ...............18-14 days 

Sitta canadensis—Red-breasted Nuthatch..12 days 
Paridae 

Panthestes atricapillus atricapillus— 

Mlatekadee 25 a. rahi sya he Ae 11-14 days 
Parus major—Great Tit....... “end of 14th day” 
Parus caeruleus—Blue Titmouse..........14 days 
Parus palustris—Marsh Titmouse.“about 13 days” 
Parus ater—Coal Titmouse............... 14 days 
Acredula rosea—Long-tailed Titmouse..11-13 days 
Panurus biarmicus—Bearded Titmouse. ...14 days 


Oriolidae 
Oriolus galbula—Golden Oriole...........15 days 
Corvidae 
Pica. rustiea—Maepie. 9.5 out nen ol. Sea ae 18 days 
Pica pica hudsonia—Magpie...........16-18 days 
Migionoiet sirius ehcrrenciee “between 15 and 20 days” 
Cyanopolius cyanus—Chinese Blue 
Ma oie: Wicsb) sa ces Ce ene eet “about 18 days” 
Garrulus glandarius—Jay...............- 16 days 
Cyanocitta cristata cristata—Blue Jay..15-17 days 
Cyanocitta cristata cristata—Blue Jay....17 days 


Cyanocitta stelleri stelleri—Steller’s Jay. .16 days 
Cyanocitta stelleri frontalis—Blue-fronted 


OAV eo eid PRR eae se 8 ine Cea cen arene a 16 days 
Aphelocoma woodhousei—W oodhouse’s 
OIA Lis Sid ac RARE @ ote Seine re OM Nae eee eee 16 days 


Aphelocoma californica—California Jay. .16 days 
Aphelocoma sieberi arizonae—Arizona 
PAY (Dia Diese) leueiaes Nilo nc erga eee ee aera 16 days 
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Family—Species Period Authority 


Perisoreus canadensis canadensis—Canada 

EUV aes ate atetah el et chat Mea a) 9) Asdice 16-18 days 
Soir asel arsed sone eet ne Bim cl) sce, «ios alee 18? days 
Corvus corax—Raven............... 18 to 19 days 
ECAUVICHD: (oy ote a cys ih GPS S's 2d = 18 to 19 days 
Corvus corax principalis—Northern 

LPR GlO eRe MMAR OR eetis Lr. 2 2 Se epee 20-21 days 
Corvus cryptoleucus—White-necked 

Ro ayellie welae Ser Sy cei eer ows 2 os ke 21 days 
Corvus brachyrhynchos—Crow........... 18 days 
Corvus ossifragus—Fish Crow.........16-18 days 
Corvus frugilegus—Rook.......... 17 and 18 days 
Corvus cornix—Hooded Crow....... 18 to 20 days 
Corvus corone—Carrion Crow....... 18 to 20 days 


Nicifraga caryocatactes—Nutcracker. ..17-18 days 
Nicifraga columbiana—Clark’s Nut- 


(CL HIACICET Ca ane OM eg 0 16-17 days 
Nicifraga columbiana—Clarke’s Nut- 
STAG ETE tk SE Te eet toh ea asin cox 9 3-e/ei a's t's 22 days 
Cyanocephalus cyanocephalus—Pinon 
See ae a2. et OPM RO A REP c's 0. 26 Sale 16 days 
Sturnidae 
Sturnus vulgaris—Starling............... 14 days 
Sturnus vulgaris—Starling............ 11-14 days 
Pementicnus potaAdaruMy se .)s 0.0... 6. os 14-16 days 
Pohopsar malabaries: 2 525%..%%..<s0...< 14-16 days 
Poliopsar andarrensis:) 2.03) 2) 4.5.5.2) 14-16 days 
Meliphagidae 
Ptilotis notata—Yellow-spotted Honey 
HEH en ahem ec has. © syd !y oR 14 days 
Ptilotis notata—Yellow-spot Honey Eater.14 days 
Zosteropidae 
Zosterops coerulescens—White Eye. .about 10 days 
Zosterops coerulescens—Silver Eye... .9 to 10 days 


Zosterops palpebrosa—White Eyes..... 10-11 days 
Certhiidae 
Certhia familiaris—Brown Creeper. . .12-13? days 


erthia familiaris—Tree Creeper......... 15 days 
Mniotiltidae 

Protonotaria citrea—Prothonotary 

Vie er By eemeey oetillase wide) oia!ia aches 0,0 14 days 
Helmintheros vermivorus—Worm-eating 

Wane GT mre inte eee iste Bald «id wae eae 13 days 
Vermivora pinus—Blue winged Warbler. .10 days 
Blue-winged Warbler 20 2.2..02 025 eae es 10 days 
Bluc-winger. Warbler. tna)... .)e05 03s 10-14 days 
Vermivora chrysoptera—Golden-winged 

RPO LCE as hax sy hen esta se dae ss wid fe 10 days 


3 
73 
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Family—Species Period Authority 
Vermivora rubicapillus rubicapillus— 


Nashvalle Warbler: ...% 2. fendee sees 11-12 days 3 
Dendroica aestiva aestiva—Yellow 
Warbler: 2 tiger a- sic t s seaorcere 10-11 days 3 
Yellow Warblers: 22.555 5:0 een 10 days 48 
Yellow? Warblen eiarce sic. ot hen eescaeieeree lidays 85 
Dendroica coronata—Myrtle Warbler. .12-18 days 3 
Dendroica magnolia—Magnolia Warbler. .12 days 3 
Magnolia Wanrbloses:. oc ebseecaue 12-13? days 86 
Dendroica pensylvanica—Chestnut-sided 
Warbler cisco > che roe seternonaere 10-11 days 3 
Dendroica pensylvanica—Chestnut-sided 
Warblervsct ea see ema eens 13? days 183 
Dendroica virens—Black-throated Green 
Woarbler ¥.2 stud ices ee eae 12 days 3 
Black-throated Green Warbler........ 12-14days 87 
Dendroica palmarum hypochrysea— Yellow 
Palm Warbler 352 o.< Se matiees eee 12 days 3 
Dendroica discolor—Prairie Warbler... .14? days 3 
Seiurus aurocapillus—Ovenbird.......... 12 days 3 
Seiurus noveboracensis—Water Thrush. ...14 days i 
Geothlypis trichas trichas—Maryland 
Vellowthroatiene ces ase eee carer 12 days 3 
Icteria virens virens—Yellow-breasted 
Ghat A Sac see aeca st cy btet eR ee evra 15 days 3 
Tcteria virens virens—Yellow-breasted 
Ghiaty. es ee a A oe Pe ee ee ee 12 days 1 
Setophaga ruticilla—Redstart............ 12 days 3 
Tanagridae 
Scarlet A APE o) Va lee Ren AUS ne tA Pye o 13days 35 
Pyranga rubra—Summer Tanager. te 12 days ut 
Ploceidae 
Lagonosticta minima—Blood 
Bmehy cee See eee eh ee “about a fortnight” i! 
Lagonosticta minima—Blood Finch. . 12 days 116 
Hy} pantica sanguiner ostris—Blutschnabel- 
Weber's hi Ue re a tere eee eto reed Pea lidays 162 
Poéphila gouldie—Grass Finch........ 12-13 days 116 
Icteridae 
Dolichonyx oryzivorus—Bobolink. .... .10 days 3 
Molothrus ater—Cowbird....“nearly a . fortnight” 1 
@owibied ys3 secs aes > cast inches dora 10-11 days 74 
Molothrus ater ater—Cowbird............ 10 days 3 
Argentine Cowbird......--..-:..2++-:: 1114, days 74 
Xanthocephalus xanthocephalus—Y ellow- 
headed Blackbirds inyseee eee eee 10? days 3 
Yellowsheaded: Blackbird, ~~~ eere-re- 10? days 75 
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Family—Species Period Authority 
Agelaius phoeniceus phoeniceus—Red-winged 


Blackbirds sees ci mette sro cla eA 10-14 days 3 
Strunella magn ..15-17 days 3 
Strunella neglect 15 days 3 
Tcterus cucullatus nelsoni—Arizona Hooded 

(OITGOIET tree ie EN ore GOED ag ceo 12-14 days 3 
Icterus spurius—Orchard Oriole.......... 12 days 3 
Onchard Oriolei ites eee sf oe 12-14? days 72 
Tcterus galbula—Baltimore Oriole........ 14 days il 
Teterus galbula—Baltimore Oriole........ 14 days 3 
Teterus bullocki—Bullock’s Oriole........ 14 days 3 
Euphagus carolinus—Rusty Blackbird... .14 days 3 
Euphagus cyanocephalus—Brewer’s Black- 

| SUAS ARIE Wine erected <a ee e 14 days 3 
Brewer’s Blackbird ..... Bod eA See 12days 48 
Quiscalus quiscula quiscula—Purple 

(Giese) les a ie ce heh as Cha I eee ore 14 days 3 
Quiscalus quiscula s#neus—Bronzed 

(EEC Lean thsas ae tte Gain «sae ones 13-16 days 3 
Megaquiscalus major major—Boat-tailed 

(GHERIG) oar has ere nheL i ch caw «tee Ne 15 days 3 
Megaquiscalus major macrourus—Great- 

(Wr IERe hak Gare Vel bel Cee ene cae oye Pa 15 days 3 

Fringillidae 
Hesperiphona vespertina vespertina 

Bivenino: Grosbeak i sees... . de). 6 13-14 days 3 
Coccothraustes vespertina—Evening 

Grosinedie erty ek eee roe es tds ye oe Si 14? days 76 
Ligurinus chloris—Greenfinch............ 14 days 1 
Fringilla coelebs—Chaffinch.............. 12 days 1 
Pyrrhula europaea—Bullfinch............ 13 days fl 
Erythrospiza githaginea—Tr umpeter 

SOMME et oe a ators ose ce “within a fortnight” 1) 
Carpodacus purpureus—Purple Finch.....13 days 3 
Carpodacus mexicanus frontalis—House 

JS-itngV ol Ang eet eee ee ee exactly 14days 7 
Carpodacus mexicanus frontalis—House 

DINU! TM, Sine ae SE es ane a 13? days 


Loxia pityopsittacus 


Parrot Crossbill.14-15 days 
Loxia ¢ i 


3 
1 
Sen Aaa acc 14 days il 
1 
3 
1 


Linota cannabina—Linnet ............... 14 days 
Astragalinus tristis tristis—Goldfinch. .12-14 days 
Carduelis elegans—Goldfinch.......... 13-14 days 
Toeniopygia castanotus—Chestnut-eared 


Deaiihrnta eral tee sea eateeer enter tates 6 0) va 2 os 14days 14 
Emblema picta—Painted Finch 

TO ae eR ne nace See re are “took exactly 14 days” 17 
Chrysomitris spinus—Siskin........... 13-14 days il 
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Family—Species Period Authority 
Sycalis flaveola—Saffron Finch..... about 14 days 97 


Serinus Canarius—Canary............ 13-14 days il 
Serinus Canarius—Canary........ exactly 14 days 78 
Camaney 4 5< 2:pc iets 1 Cet ene ae 13-14 days 54 
Qamainny.) 25.4 neem < s).0 ote eee eg 14 days 8 
Serinus canarius—Canary................ 14days 171 
Serinus hortulanus—Serin........... 13 to 14 days il 
Passer domesticus—House Sparrow.13 and 14 days il 
Passer domesticus—EKuropean House 

SPaLrOwW: vin) cscweeon --oe creer manera 12-14 days 3. 
Passer domesticus—English Sparrow...12-13 days 104 
Passer; Lutes, .f tens. ceents aerate eee 13-14 days 116 
Plectrophenax nivalis nivalis—Snow 

BU eee als a ae an eet 21? days 3 
Poaecetes gramineus gramineus— Vesper 

Sparrow x2 Ali chas te eects Aeneas ee 11-13 days 3 
Passerculus sandwichensis save 

Savannah Sparrow. #olcrs sescotiocse eer 12 days 3 
Chondestes grammacus strigatus—Western 

jhark Sparrows 124. ccoes cece saree 12 days 3 
Zonotrichia albicollis—White-throated 

DSPALLOW bald. s wee ues Gan cette tern 12-14 days 3 
Spizella passerina passerina—Chipping 

he] SY) 6106 1 depen ae pt AOR RP 1 10-12 days 3 
CHip piso Hee sd an oh eee ere i. days 12 
Spizella pusilla pusilla—Field Sparrow.. .15 days 3 
Mield’ Spartow 2 20.¢..005 oes “12 daysormore” 48 
Junco hyemalis—Slate-colored Junco...11-12 days 3 
Melopsiza melodia melodia—Song 

Sparrow Rae oso anaed aah cat Uae ee tee 10-14 days 3 
Me “i Swamp Sparrow...13 days 3 
Passerella iliaca schistacea—Slate- colored 

Hox (Sparrow steer mystlee tole rete one 12-14 days 3 
Papilo erythrophthalmus erythroph- 

' ‘thalmus-——-Towhee f25.°. 2522523 see 12-13 days 197 
Cardinalis cardinalis cardinalis— 

Cardinal 22). ce si eae ono eerie eer 12 days 3 
Cardinalis cardinalis cardinalis— 

Cardimale 22). pce mee ciaa ete eetor 12-14? days 79 
Paroaria, cucullstia cee tect eee 14days 116 
Paronria larvata cect ps eitecies ois e eer ee 14days 116 
Subernatrix cristata...................-, 14days 116 
Volatinia jacarilcns,sk).aceieck se ee ole 10? days 116 
Zamelodia ludoviciana—Rose-breasted 

Grosbeale! ct eee st Le aes. ee eenmn 14 days 3 
Rose-breasted ‘Grosbeakic.. 32) eps 9?2?days 48 
Coryphospiza pacser ome .lidays 162 
Passerina cyanea—Indigo Bunting........12 days 3 
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SED SAW 25 CaS ear es 


Wn SO) FSIEA | Wyte eae ies < 6h 6 ss ae 10? days 35 
Passerina amaena—Lazuli Bunting....... 12 days 3 
Passerina eiris—Nonpareil.............. 14? days 80 
Emberiza citrinella—Yellow Hammer... ..14 days 1 
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